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The work discussed in this thesis comprises complexes of the 
empirical formula FeLCOCH^)^, where L is carboxylate, diketonate or 
2-hydroxyketonate. Of the total of forty-six complexes, forty-five were 
prepared in a pure state for the first time. .
The compounds are yellow to brown in colour and they decompose, 
generally without melting, on heating.
Infrared spectra show a single C-0 stretching band at 1045 + 12cm 
characteristic of methoxide bridging two six-coordinate iron (III) ions. 
The presence of only one methoxide C-0 band indicates that all the 
methoxide groups are equivalent. The ligand C-0 stretching frequencies 
of the carboxylate complexes indicate that these ligands are 
coordinated in a bidentate, non-bridging bonding mode.
Solid-state and solution spectra are consistent with six- 
coordinate iron (III). The magnetic moments at room temperature are 
all below the spin-only value of 5.92 BM expected for high-spin iron : 
(III) and fall in the range 4.00 to 5.14 BM. .
Magnetic susceptibilities at various temperatures in the range 
4 to 300°K do not follow Curie or Curie-Weiss Law and confirm that all 
compounds are antiferromagnets.
On the basis of comparison of magnetic susceptibilities calculated 
for various cluster models of iron (III) ions with experimental values, 
the compounds fall into three groups:
1. planar tetramers (carboxylate complexes)
2. infinite chains (complexes of smaller ^ - diketonates)
3. isosceles triangular trimers (complexes of bulkier ̂ 3- diketonates 
and 2-hydroxyketonates).
2
Molecular weights in 1,2-dichloropropane increase with 
concentration, confirming the polynuclear nature of the complexes.





The aim of this work was to extend the preparation and study of 
tervalent iron methoxide complexes of the general formula FeCCH^O^ L 
to various types of bidentate oxygenous ligands, L.
Previous work indicated that where L is carboxylate the complexes 
are tetrameric64’66. Use of other types of ligands m y  result in the 
formation of other cluster types eg dimers, trimers and chains. The 
preparation and study of series of complexes with variously substituted 
ligands m y  indicate factors which promote a preference for the formation 
of one type of cluster over another.
The temperature dependence of the magnetic susceptibility of poly­
nuclear or cluster complexes can often provide evidence of the number of 
paramagnetic centers in the molecule and their geometrical relationship. 
Although outside of the scope of this work the mgnetic behaviour of 
such complexes is of interest in its own right because it permits the 
study of such mgnetic phenomena like ferro- and antiferromgnetism in 
simple systems involving only a few paramegnetic ions.
An important aspect of the study of polynuclear complexes is that 
some of them can be regarded as models for biologically important molecules 
containing clusters of exchange coupled metal atoms.
Because of the insolubility of the complexes most of the evidence 
in this work comes from measurements of the mgnetic susceptibility. It 
is therefore pertinent to discuss some of the theoretical background 
necessary to understand the mgnetic properties of cluster complexes.
Polynuclear or cluster complexes are discrete molecules which 
contain at least two metal atoms in the molecule. Binuclear complexes 
are by far the most abundant type of polynuclear complexes which have been 
hitherto synthesized followed by trinuclear and the much scarcer tetra- 
nuclear complexes.
4
The factors which influence and determine the magnetic properties 
of polynuclear complexes include the electronic configurations of the 
metal atoms, the electronic structures of the ligands, the inter-metal 
distances and the geometrical arrangement of the metal cluster in itself 
arid in conjunction with ligand atoms when the latter act as bridges between 
the metal atoms.
The effect of the electronic configuration of the'metal is
illustrated by the diamagnetic chromium(II) acetate monohydrate which has
a d configuration and the isostructural, paramagnetic copper(II) acetate0’
which has a d configuration. The anion [Cr^Clg] is paramagnetic whereas 
r t3— • , . . 105Lv^elgJ is diamagnetic although the metal atoms m  both complexes have 
3 . . .a d configuration. The difference in magnetic behaviour of the two
. . . 102-104complexes is the result of differences in their structures .
The importance of the ligand is demonstrated by the binuclear
106 10Vcomplexes [Cu(formate)^ pyridine]2 and its acetate analogue^ ’ . The
lower magnetic moment at room temperature of the formate (jj^l.l B.M.) 
indicates a stronger interaction between the two copper atoms in the 
formate than in the acetate (y ^=1.4 B.M.).
In halogen-bridged polynuclear complexes bromine•bridges lead to 
stronger metal-metal interaction than chlorine bridges'^
The problem of magnetic exchange interaction which has interested 
initially mainly physicists and mathematicians'^*"'^ for more than half 
a century is still not fully understood. This interest was focused mainly 
on lattice ferro-,antiferro- and ferrimagnetism. The inorganic chemist is 
chiefly interested in polynuclear complexes containing a discrete number of 
metal atoms because his preparative skills bring these compounds within 
his scope.
It becomes now possible in these compounds to study the effect on 
the exchange interaction of various substituents and structures. The
5
relative magnetic isolation of metal clusters from each other precludes or 
at least reduces lattice interactions. This simplifies the theoretical 
background necessary to understand the magnetic behaviour of polynuclear 
complexes by avoiding introduction of approximations inevitable when 
collective interactions are present.
• The subject of magnetic exchange in polynuclear metal complexes
has been discussed in a number of reviews'̂ "5 ̂ 5 5 of which the one
by Ginsberg and the other by Martin form the basis of this introductory 
chapter’.
THE EXCHANGE INTERACTION
As early as the last decade of the 19th century it was suggested
by Ewing‘S  and Curie^ that ferromagnetism was the result of interaction
117 .of adjacent magnetic dipoles. This idea was developed by Weiss into 
the molecular field theory in which the interaction between the magnetic 
dipoles is replaced by the molecular field, given by the expression
\  = w
where M is the magnetisation and N is the molecular field constant whichw
• 4 . .is a property of the material. A value of Nw 10 is required to account 
for the magnetic properties of ferromagnets. To account for the interaction 
in an array of ordinary magnetic dipoles a factor of only 4tt/3 (the Lorentz 
factor) is required which is several orders of magnitude smaller. This 
indicates that in ferromagnets the interaction between magnetic dipoles is 
very large compared to ordinary magnetic dipole interaction. Heisenberg
-| *i n_i *i o . . .  .and Dirac showed that the strong interaction operating between atomic
dipoles in ferro- ,antiferro- and ferr magnets is not magnetic but 
electrostatic in origin and comes from the operation of the Pauli exclusion 
principle which requires that for parallel spin alignment the orbital parts 
of the wave functions of the interacting electrons must be antisymmetric
6 '
and that for antiparallel spin alignment they ¿ire symmetrical. Hie simplest 
illustration is provided by a system of two electrons each one on a 
separate-core as in the molecule. ' .
. The Hamiltonian for the system ’ is
H = - o 28tt m
( / (  * »*)- '*2
a
+ 1 + 1  + 1
al bl a2 b2■ T 12
Z2e2
rab
where the subscripts a and b designate the cores and 1 and 2 the 
electrons ; Z is the core charge. '
In the absence of spin-orbit coupling the eigenfunctions of the 
Hamiltonian may be factored into a product of orbital and spin functions. 
Assuming that the electrons are localized each to a core the required 
antisymmetric functions are .
q  = 7 ^ 2  t<!>a (l)<!)b (2)-<|)b (l)(!)a (2)]a(l)a(2)
1 .
v>2 = 7 = Y  [(¡)a a)il)b C2)-(!)b Q)(i)a (2):g(l)B(2) •
9 2*"2 £ . ■
i
2ì/ ~ T . I<|>a (l)(t»b(2)-(l)b Q)!j)a (2)][a(l)B(2)+B(l)a(2)] .
1 ' ■ ‘
^  ---- . [<l)a a)(i)b(2)+(?)bCl)([)a (2)3[a(l)B(2)-Ba)a(2)].
2V  l + i  '
(jh (k) are the normalized one-electron orbitals, each electron'on a separate 
core with electron k in orbital 3, the overlap integral is
. ^ = ^ ^ a ^ b / ^  » - '
a(k) and $Ck) are the orthogonal one-electron spin wave functions for
electron k. iih 5̂ 95^0 are the three components of the triplet state since
m  = 1,-1,0. The components are degenerate when no magnetic field is s
present. 1/^ is a singlet state with mg = 0. The energy difference between 
the triplet and the singlet states is '
7
Etriplet~Esinglet ” 2Eo + 2i£_ " 2E0 ~ 2_ii_ = ^
i+ x r  l - l 2 i-jt
where Q and J are the Coulomb and exchange integrals respectively and 
2Eq  is the energy of the dimeric system without interaction.
-Ze2 - Ze2 + e2 + Z2e2 Id)
ra2 rb2 r i 2 Fab '
- Ze2 - Ze2
CM0>|+ + Z2e2
r  „ r r  ; ra2 b2 12 ab
The Pauli exclusion principle requires that the complete wave 
function must be antisymmetric to interchange of the spin and space 
coordinates of every electron pair. It follows therefore that states in 
which spins are aligned parallel combine with antisymmetrical orbital 
functions and states with antiparallel spin alignment combine with symmetrical 
orbital functions. The energy difference between the states involving 
parallel and antiparallel spin alignment is due to the different orbital 
functions with which they are associated. •
The singlet-triplet energy difference is given by (1) as a function 
of the Coulomb, exchange and overlap integrals. This energy defines the 
effective exchange force between the electrons.
If s^ and §2 are the spin angular momentum operators of the two 
electrons the square of the vector sum is (s-̂  + •
Now - s-^ + s 2 + 2s -̂ .S2
2§r §2 = (§1 + §2)2 - §12-s22
= S(S+1) - sps-j+l) - s2(s2+l)
= S(S+1) -2lh(h+l)l  
= SsCSCS+l) - 3/2]
S1 = s2=!s
. . 2§.
A  AS-ĵ • S2
e
For the triplet state (S=l), s-̂ .s2 = - h
and for the singlet state (S=0), s1.s2 = ^[O-3/^] = -3/j4
Neglecting the overlap integral, &, and Eq which is symmetry independent 
we have the eigenvalues Q+J when = and Q-J when s1.s2 = k- They
represent the potential energy of interaction between the two electrons.
The total potential energy of interaction between the two atoms is
v = q - y  - 2Jab §r §2
Q - hJ are constant terms and can be removed by shifting the energy origin. 
This leaves -2J ^  s-̂ .s2, the potential energy equivalent of the effective 
spin coupling between the two atoms. This is the exchange Hamiltonian
H = -2Jab êl'ê2




The energies of the triplet and singlet states and thus the exchange effect 
is formally equivalent to a cosine coupling between the spin angular 
momentum vectors of the two interacting electrons. The cosine dependence
of this coupling resembles a term for the potential energy of two dipoles
. . 3i.e. y1.y2/r .
The coupling expressed in the exchange Hamiltonian is thus referred to as 
dipolar coupling. This term is somewhat misleading because the .exchange 
effect is entirely of orbital, electrostatic and not magnetic origin. 
Magnetic dipole coupling is very much weaker. When more electrons on 
each atom are involved so that
Si = and Sj = .




It is known as the HDVV (Heisenberg-Dirac-Van Vleck) Hamiltonian and is 
often refereed to as the isotropic Hamiltonian. It is used in the inter­
pretation of the magnetic properties of polynuclear complexes. The isotropic 
Hamiltonian is based on the HDVV model of spin-spin interaction and thus 
is- subject to the assumptions and limitations of that model 5 . Martin
enumerates the following
1. The interacting magnetic atoms are in S-states. The orbital angular 
momentum, L, is assumed to be quenched by the ligand fields.
2. The unpaired electrons are localized on the interacting magnetic atoms.
3. The interacting paramagnetic atoms need not be of the same element.
4. When parallel spin coupling applies J is positive and the interaction 
is ferromagnetic. For antiparallel coupled spins J is negative and 
the interaction is antiferromagnetic.
5. Mixing between the lowest excited and the ground states is usually
neglected and the value of g should be usually 2.0. •
6. The exchange integral is sensitive to orbital overlap therefore
interactions are considered important only if they involve electrons 
on the same atom or of adjacent atoms (intra- and interatomic exchange 
respectively). . • *
EXCHANGE INTERACTION IN POLYNUCLEAR TRANSITION METAL COMPLEXES
Polynuclear complexes form crystal lattices in which the metal 
clusters are magnetically isolated from each other. The paramagnetic 
metal atoms can interact with one another through bridging ligand atoms 
and or direct metal-metal bonds.
Intercluster exchange coupling if present becomes important only 
at very low temperatures. The temperature variation of the magnetic 
susceptibility will depend mainly on the interactions within the clusters.
Magnetic measurements on cluster complexes go back to 1928 when
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Welo reported measurements between 300 and 220°K on a large number of 
complexes which included many trimeric iron(III) and chromium(III) 
complexes. Welo did not connect the large negative Weiss constants of 
these complexes with their polynuclear nature. More than twenty years later, 
m  .1950, Kambe explained Welo * s measurements on the basis of intracluster 
exchange coupling involving an equilateral triangle of metal atoms with 
the three.antiferromagnetic interactions equal i.e. J± = J2 = Jg. Two 
years later Abragam et developed the theory of isolated
clusters independently of Kambe and explained the temperature variation 
of the susceptibility of [Feg(CHgCOO)g(0H)2lN0g. 6 ^ 0  measured by 
Foex et al 5 down to 2°Kwith one of the three interactions different. 
They obtained a good fit with experimental values with J^= -20 cm*"̂
and J2= -10 cm Deviations from experimental values below 4°K were
ascribed to intercluster exchange but may actually be due to higher 
order exchange interactions according to more recent work .
At about the same time Bleaney and Bowers 5 explained the 
temperature dependence of copper acetate monohydrate in terms of strongly 
coupled spins in binuclear clusters of copper(II) atoms.
119
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(i) CLUSTERS WITH ISOTROPIC EXCHANGE ONLY AND WITH ORBITALLY NONDEGENERATE 
SINGLE-ION GROUND STATES.
The exchange interaction between the metal atoms of a cluster 
sorts out the various spin states by differentiating their energies. The 
stronger the coupling the larger is the splitting. Whether the state of 
lowest or of highest total spin becomes the ground state depends on the 
sign of the exchange integral. The strength of the exchange coupling may 
be estimated by measuring some property which varies for the levels of the 
spin manifold. If the energy differences between the ground state and 
adjacent excited states are comparable to kT the population of them will 
follow a Boltzman distribution. The exchange integral may then be 
evaluated by matching the experimental temperature dependence of Hie measured 
property with a theoretical equation. The magnetic susceptibility and the 
heat capacity are such properties.
• The derivation of theoretical equations for the magnetic susceptibility 
of cluster complexes is relatively simple when the interacting atoms are in 
S-states. Degenerate ground states make the derivation of theoretical 
equations much more complex.
The majority of polynuclear inorganic complexes exhibit exchange ' 
coupling which is entirely isotropic in nature. The magnetic susceptibility 
m y  be obtained by applying expression (2) derived from Van Vleck's 
susceptibility equation •
Z S f (St+l)(2S’+l)o)(St )exp(-E(S* )/kT) (2)
S'
1 (2S'+l)(o(S' )exp(-E(S' )/kT)
S'
2 2XH - NB gl • 
3kT
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This expression sums up the contribution to the susceptibility 
of all levels differing in energy, ECS’), weighted by their total 
degeneracy, m(S’), and by the Boltzman population factor exp(-E(Sf)/kT).
Susceptibility equations derived from (2) hold for field-independent 
susceptibilities. It is sometimes necessary to add a term, Not, to 
correct for temperature independent paramagnetism. The variable parameters 
in the susceptibility equations derived from (2) are g and J. Not should 
not be used as a variable parameter for curve-fitting. The g factor 
can be often determined by independent measurements to within ±0.2.




The simplest case of internuclear exchange coupling is found in 
a cluster consisting of two identical atoms with only one unpaired 
electron on each e.g. two interacting copper(II) ions.
The isotropic Hamiltonian is
H = -2J12Sr S2 (3)
where J-^ is the exchange integral between atom 1 and 2. Using the vector 
model we can write down the eigenvalues. For two identical atoms S^=S2 = ^ 
and SX.S2 = = S2 = S(S+1)
A A A
Let us set S-̂  + S2 = S ’
We can now write
A A ^  A A A a  /N A A A
(S1 + S2)^ = S'.S' = + S2 + 2S .S2
A A .
= 2SCS+1) + 2S^*S2 
2Sx .S2 = S'.S' - 2SCS+1)
Substituting into (3), the Hamiltonian becomes .
H = -J12[S’.S' - 2SCS+1)]
The energy of the spin states is given by
E(S') = -J12[S’(S’+1) - 2SCS+1)] (4)
where S f = (S-̂  + S2), (S^+ S2 - 1),...,|S-^ - S2 1 .
For a pair of identical ions with spin S
S' = 2S,(2S - 1),...,0. . •
Application of an external magnetic field, H, removes the degeneracy 
of the E(S') levels by splitting each into 21’ + 1 sublevels. This adds . 
the first order Zeeman term to the energy, g$HM , where M , has the valuesO b
S ’,(S’ - 1),...,(-S! + 1),-S’, and 3 is the Bohr magneton. For an anti­
ferromagnetic interaction J is negative and the ground state will have the 
smallest S 1.
For a binuclear cluster of two interacting copper(II) ions S -  h 
and ST can be 1 and 0. Using (4) we find that the spin triplet, S ’ =1, 
lies -2J above the singlet ground state. To derive from (2) the equation 
for the susceptibility we need to know the degeneracy o)(Sf) of S1.
This is obtained from the expression .
to(Sf) = fi(S’) - fi(ST + 1)
• S1where fi(S’) is the coefficient of x in the expansion of
, S' , S ’-l , -S’+l A -S\n(x + X +. . .X + X )
where n is the number of interacting paramagnetic atoms. For a copper(II) 
dimer the expansion gives
(x* + x° + x"1)2 = x2 + 2x’ + 3x° + 2x-1 + x~2
Thus o)(S' = 1) = fi(l) - fi(2) = 2 - 1  = 1
and 03(Sf = 0) = fi(0) - fi(l) = 3 - 2  = 1
Substitution into (2) gives the equation for the susceptibility of a 
binuclear cluster of copper(II) atoms
2 2XM = Ng g 
3kT
- '
1(1+1) (2x1+1) (l)exp(-2J/kT) +0(0+1)(2x0+1)exp(-0/kT)
(2+1)(l)exp(-2J/kT) + (2x0+1)(l)exp(-0/kT)
2 2= Ng g 6 exp (-2J/kT)
3kT 3 exp (-2J/kT) + 1
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TRINUCLEAR CLUSTERS
The spatial arrangement of three interacting paramagentic atoms 
can be linear or triangular. The triangle can be isosceles or equilateral 
These spatial arrangements will affect the isotropic spin-spin exchange 
between adjacent ions and the isotropic Hamiltonian has to be written in 
a form to allow for this. Thus for three unequal interactions
* A A A A A A
H = -2(J^2S-^.S2 + ^23^2*^3+^31^3.S^).
In an isosceles triangle at least two interactions will be equal, 
say J-̂2 = ¿23 = Hamiltonian can now be written
H = -2J(S1.S2 + S2.S3) -2J31S3.S1
By setting S’ = S-̂  + S2 + S3 and S = S3 + S-̂
A a  A a  A a
and since S^ = = S3 = S(S+1) we can write
A A A A A A A A /V(S , + S2 + S3) = S '.S ' = 3SCS+1) + 2Sr S2 + 2S2 .S 3 + 283 . 83^
A A A A
2(S,.S2 + S2.S3) = S'.S' - 3SCS+1)
and (S3 + S,) = S' .S = 2S(S+1) + 283.83̂
2S3.S3 = S .S - 2SCS+1)
and 3S(S+1) + 2S3.S1 = S .S + S(S+1)
Substituting into the Hamiltonian we obtain
H = -JCS’.S’ - S*.S* - S(S+l)H -J31i s \ s : -2SCS+1)]
A A #
For S the permitted values of S are given by .
S* = (S3 + S1),(S3 + S1 -  1),.... IS3—siI
A .
i.e.S = 2S, 2S—1,..•,1jO.
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For a given value of S the permitted values of S’ are 
S' = (S*+S) (S*+ S - 1),...,|S*-S|.
The energy of the spin states is given by
• E(S‘,S5i) = -J[S'(S’+1) - s ' i s '+ l )  -S(S+1)] -
-J^CS^CsV l) -2SCS+1)].31 (5)
In an equilateral triangle all three interactions are equal and 
expression (5) reduces to -
E(S’) = -J[S!(S’+1) -S“(S'‘+1) -S(S+1) +
+ S*(sV l) -2SCS+1)]
= -JCS’CS’+l) -3S(S+1)]
In a linear cluster J31 = 0 and expression (5) reduces to 
E(s»,s*) = -j Cs ’Cs '+i ) -s5i(s“+i) -S(S+1)].
TETRANUCLEAR CLUSTERS • -
For four interacting paramagnetic atoms arranged in a square the 
following isotropic Hamiltonian can be written
H = -2J[Sr S2 + S^S.3 + S3.S4 + S ^ ]  -2J1iS 2 .SL{ + S1>S3] (6)
where J is the interaction between pairs of peripheral metal metal atoms and 




= s i  +
A
S2 + S3 +
A A A
s 4 ; s
A




; ST = S2.Si
A A ~ v 2 A A 'll 'll 22 22 ,
+ s 2 + S3 + s 4) = S'.S' - s i  + S2 + s 3 + s 4 +
A A
!Sr s2 1 3
+2S1.S4 + 2S2.S3 + 2S2.S4 + 2S3.S4
substituting + S2 + S3 + = 4S(S+1) we get
S '.S '  = 4S(S+1) +2Sr S2 + 2 ^ -S g  + 2 ^ -S ^  + 2S2 .S3 + 2S2 .S4 + 2S3 .S,
17
rearranging we get
A A A A A A A A A A A A
2(S1.S2 + S2.S3 + S3.S4 + S1.S|+) = S' .S'-USCS+l) -2S-L.S3 -2S2-S4 (A)
A A A Ajlj Ajtj A A  A a  A a
Next CSj+S^ = S .S = S; + So + 2Sn.S„ = 2S(S+1) + 2Sn .S,1  3 1 3 1 3
rearranging we get
A A A A  A A
2S1.S- = S .S - 2S(S+1) (B)
A A A A i  A i  A a  AA  A A
Next (S2 + S^) = ST .ST = S2 + + 282-8^ 2S(S+1) +2S2.S4
rearranging we get
A A A 1 A* A  .t
2S2.S4 = ST.ST -2S(S+1) (C)
Substituting (A), (B) and (C) into (6) we get
H= -J[A] -J-.CB + C]
A A A A
i.e. H= -J[S'.S' -4S(S+1)-2S1.S3-2S2.S4] -
A A A A A * A-J 1ts ''.s"  + S+ .S+ -4S(S+1)] (D)
A A A /\
Now B + C = 2S1.S3 + 2S2.S4
Substituting into (D) we get
A A A .t. A.T. A ^, A ^  A^t. * A A A ^  A ^
H = -J[S'.S' - S .S - S'.S'D-J^CS .S + S'.S' -4S(S+1)3.
The energy of the spin states is given by
E(S\S*,S+) = -J[S'(S'+1)-S"(S''+1) -S'CS'+l)] -,t/0t
-J [S*(S*+1) +S+(S++1) -4SCS+1)]
In a tetrahedral arrangement of four interacting atoms = J  
and the energy of the spin states is given by
18
E(S’) = -JtS'CS' + 1) -4S(S + 1)].
A rhombohedral arrangement of four interacting atoms requires 
three and a linear arrangement requires four exchange integrals.
19
(ii) ANTISYMMETRIC AND ANISOTROPIC EXCHANGE
The most general expression for the exchange interaction between
• . . 19U 19Rtwo atoms in orbital singlet states has been given by Moriya ’
H i  - W j i S i - s .  ♦ D i j . [ s i x s j ] + S ^ r . - . S .
where S . and S. are the total spin opeartors. The first term is the 
isotropic exchange, the second term is the anti- or asymmetric exchange and 
D^j is an antisymmetric (D^j = -Dĵ ') vector coupling constant. The
third term is the anisotropic exchange. Both the anisotropic and anti­
symmetric exchange are the result of spin-orbit coupling combined with 
isotropic exchange.
When ground states are non-degenerate and the ligand field splitting 
is large relative to the spin-orbit coupling then
D 'V' (Ag/g)J and r ^(Ag/g)^J
where ' Ag = | g—21 and represents the orbital moment contribution to 
the splitting factor g. Under these conditions Ag/g never exceeds 0.1 and 
only the isotropic exchange term remains important in Moriya’s 
expression. .
The result of antisymmetric exchange interaction is a perpendicular 
spin alignment in contrast to the operation of isotropic exchange which 
aligns spins parallel when J is positive or antiparallel when J is 
negative. Anisotropic exchange is similar to isotropic exchange in that 
it also, depending on the sign of J tends to align spins parallel or 
antiparallel. The difference lies in the presence of an axis in the 
case of anisotropic exchange along which the energy of the aligned spins 
is at minimum.
When symmetry conditions in the crystal lattice favour anti­
symmetric exchange this can affect the bulk magnetic properties. In
20
124 126 * 'MnCOg and a-Fe^O^ ~ which both have an antiferromagnetic lattice
spin canting leads to weak ferromagnetism. For cluster complexes with
positive J constants antisymmetric exchange is unimportant above 1.4°K
but anisotropic exchange can lead to considerable deviations from isotropic
exchange only behaviour at low temperatures. For clusters with positive
J constants intercluster interaction will generally swamp the effect of
anisotropic coupling. For antiferromagnetic cluster complexes the
isotropic Hamiltonian should generally hold very well and reflect accurately
the xm v -T dependence. Higher order exchange when present may cause
deviations from isotropic exchange only behaviour.
21
( iii) CLUSTERS WITH ORBITALLY DEGENERATE SINGLE-ION GROUND STATES
The nature of the exchange interaction is strongly influenced by 
the particular orbitals which the individual electrons involved in the 
interaction occupy. In the absence of orbital degeneracy in the ground 
states of ions of a cluster, orbital effects are unimportant and are treated 
as a perturtation and anisotropic and antisymmetric exchange which are of 
orbital origin are negligible relative to isotropic exchange.
When ground states are orbitally degenerate antisymmetric and
anisotropic terms can become important relative to isotropic exchange
Lines developed a theory of orbitally degenerate cobalt(II) cluster
130 • •complexes of which the tetramer tetrakis-[yg-methoxo-2 5 4-pentanedio-
131natomethanolcobalt(II)] may be an example.
The complex has a cubane structure.
127-129
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Civ) INTERCLUSTER EXCHANGE INTERACTION
Inbercluster exchange is observed at low temperatures when the 
clusters are in their ground states. The reason for this is the weakness 
of intercluster interaction. Intercluster interaction of observable 
magnitude is expected to arise only when the net spin of the cluster 
ground state is non-zero. It can thus arise with clusters with ferro­
magnetic intracluster spin alignment and with antiferromagnetic clusters 
with an odd number of electrons in the cluster. An example of a complex 
with both intra- and inter-molecular ferromagnetic spin coupling is the 
tetramer Ni^OCHg^Cacac^CCHgOH)^ (seep. 32). '
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(v) EXCHANGE COUPLING AND ORBITAL SYMMETRY
In most cluster complexes the distance of separation between the 
exchange coupled paramagnetic ions is too large for direct metal-metal 
exchange to be important. The exchange coupling in such cases proceeds 
through intermediate bridging, diamagnetic ligand atoms and is then 
referred to as super exchange. Kramers proposed in 1934 a superexchange 
mechanism involving small contributions by excited states to the ground
state of the system in which electron transfer to the metal ions would
. . 132leave the bridging ions with a net spin. Anderson gave substance to the
idea of superexchange by showing that KramersT mechanism was of the
133 134 .correct magnitude. Later Anderson 5 developed a new theory which
elucidated the relation between superexchange and metal-metal bonding.
The understanding of the superexchange mechanism has not yet reached
a level which permits reliable quantitative estimation of exchange integrals.
The theories of superexchange have however revealed the connection between
the sign of J and the symmetry of the orbitals containing unpaired electrons.
These symmetry relations are known as the Goodenough-Kanamori rules'^
138They were later extended by Anderson .
According to Anderson superexchange involves the overlap of metal 
d-orbitals containing unpaired electrons with filled s and p-orbitals of the 
bridging atoms. This results in delocalization of the unpaired electrons 
from the localized metal d-orbitals into antibonding orbitals involving 
the metal atoms and the bridging atom or bridging group of atoms. The 
unpaired electrons of a pair of bridged metal atoms, each electron now in 
a delocalized magnetic orbital can interact in two ways.
In the first way the magnetic orbitals overlap to give a ground 
state with antiparallel coupled spins. Exchange coupling by overlap of
24
magnetic orbitals is known as kinetic exchange because it involves an 
increase in kinetic energy of the electrons. Kinetic exchange involves 
orbital overlap and thus represents incipient covalent bond formation. This 
incipient covalent bond differs from the metal-metal bond in M ^ C C O ) ^  only 
in that it is much weaker and in that in addition to the metal orbitals 
it involves orbitals of the bridging atom as well.
In the second way interaction of orthogonal magnetic orbitals 
results in a ground state with parallel spin alignment. This is referred 
to as potential exchange because it results in an increase of the potential 
energy of the electrons. Potential exchange may arise in three ways.
(1) The electrons occupy orthogonal orbitals on adjacent atoms. The 
resultant exchange interaction is always positive.
(2) The orthogonal magnetic orbitals each overlap an orbital on the 
bridging atom. The potential exchange is now determined by intra­
atomic coupling on the bridging atom i.e. by Huhd’s rule and by the 
magnitude of the overlap of the orbitals of the bridging atom and of 
the metal atom in the magnetic orbitals.
(3) The magnetic orbital of one metal atom overlaps an empty d-orbital 
of the other metal atom. Here the electrons are coupled parallel on. 
the metal atom through intra-atomic exchange..
The resultant isotropic exchange interaction between two metal 
atoms is the sum of the contributions by the various interactions for all 
the unpaired electrons. The kinetic exchange is usually very much stronger 
than the potential exchange. When the two occur together the stronger 
kinetic exchange produces antiparallel spin coupling. This is however not 
always the case and exceptions are known where potential exchange is 
stronger than kinetic exchange (see p .52).
The importance of symmetry properties of the magnetic orbitals 
with respect to exchange interaction resides simply in the fact that for
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kinetic exchange to occur the magnetic orbitals must overlap. To be able 
to do so they must have the same symmetry. When the magnetic orbitals 
are of different symmetry they are orthogonal and cannot overlap and spins 
are coupled parallel i.e. potential exchange results. Symmetry properties 
-"the orbitals determine which of them will be involved in the formation 
of the magnetic orbitals. .
. Two idealized cases are of interest. In the first case the two 
interacting metal atoms, M and M ’, and the diamagnetic bridging atom, X, 
form a linear arrangement and the angle M-X-M’ is 180°. In the second case 
the M-X-M’ arrangement is bent and the M-X-M’ angle is 90°. The first step 
in determining the exchange pathways is to find the orbitals of appropriate 
symmetry of the metal and of the bridging atom which make up the magnetic 
orbitals and to write down the composition of the magnetic orbitals. The 
general form of them is •
= ‘t’d _el(t)bl ~e2̂ b2 + ....  .
<fk* = ^'d ■ e'l(!)'bl ■ e'2^'b2 + •••
where (j)̂ and (j)’d are singly occupied d-orbitals on metal atoms M and M ’ 
respectively; (J)̂  and (J)̂  are s and p-orbitals of the bridging atom which 
overlap with (j)̂ and (J)̂  and ((^ are bridging atom s and p-orbitals which 
overlap with (j)’̂ . The electronic configuration of the metal atom and the 
strength and symmetry of the ligand field will determine which metal d-orbitals 
will be singly occupied. Having determined the composition of the magnetic 
orbitals the next step is to consider the interaction between them. This 
can be achieved by finding partial interactions known as exchange pathways.
The sum of them makes up the total interaction between the magnetic orbitals 
(|)̂ and (¡)̂ ,. We are thus interested to find the interaction of ,
((|)d-e2(|)b2),... with ’d-e <2<i),b2> ----  This includes inter­
action with empty d-orbitals. Thus the exchange pathway between the magnetic
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orbitals ^ ¿ " e 2̂ b2^5 anc  ̂ ' 2̂ 'b2  ̂ w^ere ^ 2  ^*b2 5000 or'thogonal is
represented by
< U  14^2 1 b2 d
where || indicates overlap and j_ orthogonolity. A pathway which includes 
the symbol X  involves parallel spin alignment and a pathway involving only 
|| symbols gives rise to antiparallel spin coupling. •
To illustrate the operation of the procedures outlined above let
us find the exchange pathways for a pair of octahedral chromium(III) ions.
. . . . 3The electronic configuration of chromium(III) is tj and the ground state
is an orbital singlet state. The 180° and 90° bridging arrangements will be
considered in turn. They involve the sharing of a corner and of an edge
respectively. The metal-bridging atom bond direction defines the y-axis.
Examples of orbital symmetry relations for 180° and for 90° exchange
interaction pathways are shown in Figure 1.
In chromium(III) the d , d and d orbitals are singly occupiedyz xy xz
and thus the following magnetic orbitals can form for 180° interaction.
= dyz - ePz ; = d 'yz + epz
= “ epx ’ = d 'xy + epx
= dxz ’ “ d 'xz
We next consider the interactions of the magnetic orbitals of M 
with those of M'. This results in four exchange pathways two of which 
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Examples of t  orbital symmetry relations for 
® o90 interactions.
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Exchange Pathways Spin Coupling
(i) d lip lid» yz1 ‘ 1 1 yz Antiparallel
dxylIPxlld ’xy Antiparallel
(ii) dy J  I?J- Pxl id 'xy Parallel
dxyi iPx-i- PZ i id 'yz Parallel .
The exchange pathways (i) and (ii) are illustrated in Figure 1 
(i) and (ii) respectively. Because kinetic exchange is much stronger than 
potential exchange the resultant 180° interaction for the two chromium(III) 
ions is expected to be antiferromagnetic.
The magnetic orbitals for 90° interaction are
< V i ~  ^yz ePz 5 (V l  = d 'yz +EPy
“ ^xy "epx ’ «t>Mi ) 2 = d 'xy " ePx
CO " ^xz 5 = d 'xz
Consideration of the possible interactions of the magnetic orbitals of the 
■ two chromium(III) ions leads to the recognition of ten exchange pathways
3C
Exchange Pathways Spin Coupling
dyz 1Ipzlle 'g I d' ,d' ,d'J- xy yz xz Parallel
d*yz 1IPylleg 1 ^xy’̂ yz’̂ xz . Parallel
d 1 yz1ld ’yZ Antiparallel
d | xy1IP’xz Antiparallel
d 1yz1IPZ 1 Pyl1d' ■'  yz , Parallel
d 1yz11 PZ1 Px lld 11 xy Parallel
d 1 yz11 Pz-L dXZ Parallel
d*yz I IPyl dxz Parallel
(iii) V 1 pW  d 'xy Antiparallel
(iv) V lPX lPy I Id 'yz . Parallel .
The exchange pathways (iii) and (iv) are shown in Figure 1 (iii) and 
(iv) respectively.
Three of the exchange pathways are antiferromgnetic. The
d | |p | |d f pathway involves Tr-overlap with the bridging atomxy x xy
p -orbital, the d | |dT pathway involves direct Tr-overlap and the 
dyzl|dfyZ Pathway involves direct a-overlap. The contribution of the 
direct metal to metal exchange pathway should be sensitive to the 
metal-metal separation and is expected to become negligible for 
bridges involving more than one atom as e.g. NCS . The resultant 
90° interaction is expected to be antiferromegnetic but not as much 
as the 180° interaction because the 90° interaction involves many 
more ferromagnetic exchange pathways. There exists the possibility 
that the interaction could become actually ferromagnetic particularly
with polyatomic bridges.
In addition to orbital symmetry the exchange interaction is 
influenced by the oxidation state of the metal atom. A higher oxidation 
state should strengthen the exchange coupling because of larger orbital 
overlap. '
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(vi) POLYNUCLEAR CLUSTER COMPLEXES WITH FERROMAGNETIC SPIN COUPLING
The vast majority of cluster complexes are antiferromagnets 
in agreement with expectations based on considerations of symmetry 
properties of the orbitals involved in possible exchange pathways.
■ These considerations also lead to the realization of the feasibility 
of ferromagnetic cluster complexes with parallel spin alignment in 
their ground state. Dimers, trimers and tetramers with ferromagnetic 
ground state spin coupling are known. The majority of them are 
compounds of divalent nickel.
. The first complex with parallel spin coupling in the ground
state was bis (acetylacetonato) nickel (II) 5 . This complex is
also unusual in that a description of its x v.T dependence involves 
both positive and negative intracluster exchange integrals. The 
compound is a trimer and has a linear structure (Figure 2). The 
central nickel atom shares faces with the terminal ones. The 
complex is further discussed on page 39. Next came the divalent 
nickel tetramers with a cubane structure (Figure 3). The susceptibility 
of one of them tetrakis[y^-methoxo 2,4-pentanedionatomethanolnickel(II)] 
was measured down to. 1.6°K. The ferromagnetic interaction between 
the four nickel (II) ions requires J = +7 cm The ground state 
of the cluster with S' = 4 i.e. eight parallel spins is fully 
. populated below 21°K.
The ferromagnetic intercluster interaction between the 
tetrameric molecules with a Weiss constant of 0.8° is revealed below 
21°K. This compound is unique in having both intra- and intermolecular 
ferromagnetic spin coupling.
. The trimer and the cubane type tetramers involve octahedral, 






Structure of Ni (OCH^) .(acac) (CH Oil) !^  4 5 4 4 5 4-
Where
(2)= Ni O ® ' 0 @  = C
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q g * H  3
The d - d  90° interaction exchange pathways1 predict ferromagnetic
coupling and thus agree with experiment. The ferromagnetic exchange
coupling is relatively insensitive to deviations of the Ni-O-Ni angle from
90° of as much as ± 14° and still remains dominant. Thus in the cubane
nickel tetramers bridge angles fall in the range 94.6 - 98.7° and
in Ni3(acac)g in the range 76 - 89° 10.
Examples of dimers with ferromagnetic intracluster exchange 
are [Ni2 en^ ClgDClj and en^ each with two halogen bridges.
The ferromagnetic spin coupling is the result of 90° nickel-halogen-nickel 
interaction141’118. A third ferromagnetic dimer, [N^en^CSCN^ ] ^ 1185141 
involves two thiocyanate bridges. This compound is of particular interest 
because of the large nickel-nickel separation of 580 pm resulting from 
the presence of the polynuclear thiocyanate bridges. The cluster ground 
state has S1 = Z and J is 6 cm 1 . This J value is of similar magnitude as 
for the other ferromagnetic cluster complexes in which the metal-metal 
distance is only ^ 300 pm and the bridges between the metal atoms are 
monoatomic. Coupling over long distances and over more than one atom is 
observed in lattice ferromagnets but it is up to two orders of magnitude 
weaker than in [iti^en^CSCN)]^. The exchange interaction in this complex 
must go through the thiocyanate bridges because the large nickel-nickel 
distance precludes direct exchange. The structure and a ferromagnetic 
coupling pathway for the complex are shown in Figure. 4. This pathway is 
analogous to the principal ferromagnetic coupling pathway, e g ||Pyjpz Ile 'g5 
in a 90° nickel-diamagnetic atom-nickel arrangement involving a monoatomic 
bridge between the nickel atoms. The thiocyanate complex shows that exchange 
coupling can span large distances between paramagnetic ions provided the 
ions are linked by a system of orbitals satisfying the necessary symmetry 
requirements.
The dimers Cu2 (pyridine N-oxide)1|(N03)L| and ( X ^ i C C ^ H ^ N C S ^  with
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FIGURE 4 (i)
Structure of Ĵ T±̂ en4 CSCN) J  ^  (re *̂ 4 )•
FIGURE 4 (ii)
The « g l k y J L * e exchange pathw ay
in terms of atomic o r b i t a l s  i n Ni2en (SCN)2
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two oxygen and two sulphur atoms respectively are examples of ferromagnetic 
cluster complexes involving a metal other than nickel'2’̂ 2 .
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Cvii) POLYNUCLEAR COMPLEXES WITH POSITIVE AND NEGATIVE EXCHANGE INTEGRALS 
For both ferro- and antiferromagnetic intracluster exchange 
to occur in the same complex the geometry of the complex must give 
rise to more than one exchange integral. Furthermore the orbital 
. symmetry relations must be such as to produce one or more dominating 
pathways for parallel spin-coupling to make one exchange integral 
positive and one or more dominating pathways for antiparallel spin­
coupling to make the other exchange integral negative.
.  ̂ ■'  ̂ ■ 139,140
. An example of this unusual situation is found in Ni~(acac)06 b
A A A A A A
The Hamiltonian is H = -2J[S-^.S2 + ^ 3 1 ^ 3 *^1 w-̂ere ^  is the
exchange integral between pairs of adjacent nickel atoms in the cluster 
and is the exchange integral between the two terminal nickel atoms.
In agreement with the ferromagnetic coupling of the eight unpaired 
electrons of the cluster ground state, J = +26 cm*"̂  but an improved
fit is obtained with = -7 cm \
■ The half-filled d o  o orbitals of the terminal nickel atomsxz-yz
overlap with the 7r-system of the two acetylacetonato groups bridging
the terminal nickel atoms. The non-zero overlap leads to antiparallel
spin coupling and a negative J^. . •
A tetrameric Schiff base complex of divalent copper
■5
[Cu (CH3C0CHC(CH3)=N(CH2)20) \  is another example of a cluster 
with a positive and a negative exchange integral. The cubane structure 
involves disorted trigonal bipyramidal, oxygen bridged copper atoms.
The arrangement of the copper and bridging oxygen atoms is shown in 
' Figure 5. The Hamiltonian for the system is
A A  A A  A A A A
H = • - 2 J ,[ S 1 .S 2 + Sr S3 + S3 .S4 + S2 .S 4 ] -
/S A  /v A
-2Jg[S1.Slt + S2.S3]
FIGURE 5
Arrangement of copper and bridging oxygen atoms 
in [c u (CH3C0CHC(CH5)=H(CH2)20)J4 (ref. 3 )•
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where JT is the exchange integral for spin coupling involving the long 
Cu-0 bonds and Jg the exchange integral involving the short Cu-0 bonds.
The best fit is obtained with Jg = -15 cm ^ and = +4 cm ^ over
the temperature range 1.5 - 300°K^^.
Bridges made up of two short Cu-0 bonds of 200 pm provide 
pathways for dominant antiparallel spin-coupling. This makes Jg negative. 
For bridges involving a short and a long (230 pm) Cu-0 bond pathways for 
antiparallel spin-coupling through the oxygen s-orbital are less important 
than pathways for parallel spin-coupling through the oxygen p-orbitals and 
the exchange integral thus becomes positive. The situation is similar to 
that in the dimeric bis (pyridine N-oxide) copper (II) nitrate where the 
ferromagnetic pathways also involve a long (240 pm) and a short (200 pm) 
Cu-0 bond. .
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2 - HYDROXY KETONE AND ß - DIKETONE COMPLEXES
Complexes of iron (III) with 2 - hydroxy ketones and ^3- diketones 
are generally monomeric with the tris (diketonate) form being common.
A number of polynuclear complexes exhibiting antiferromagnetic behaviour 
have also been reported.
38 Fe(OCH^)|3 - diketonate)J ̂Starke prepared complexes of the form 
with ethyl acetoacetate, dibenzoylmethane and thenoyltrifluoroacetone. 
The purity of these complexes was low and no characterisation was .
attempted.
39 40Using the procedure of Emmert et al , Gray et al prepared
a number of binuclear complexes of the form jjFeCOR)!^ J 2 where L
is the enolate of acetylacetone (acac) or dipivaloylmethane (DPM)
and R is CH^ (DPM only), or i-C^H^. Theoretical susceptibilities
. -1  -1from dimer expressions with J values ranging from -8.5cm to -11cm 
were fitted to the variation of the magnetic susceptibilities of the 
complexes with temperature. On the basis of the magnetic behaviour, 
spectral and molecular weight measurements, the structure shown in 
Figure 6 was proposed.
Gray et al^ also prepared a complex of the form 
Fe(OCH3 )2 (acac) ] .  by the oxygenation of a methanolic solution of 
[ „ ( « « , 2 P,2] by ‘
solution of Fe(acac)^. They reported only the main infra-red bands 
and solubility of the complex. The complex was later prepared by Kokot 
et al^1, who measured its magnetic susceptibility over the range 
80 - 350°K. The best fitting theoretical susceptibilities for g = 2.0 
and S «• 5 / 2 were for a dimer with J = -18.3cm 1 or an infinite chain 













Proposed structure of JVe (OR* ) (^3-diketonate ) 1
(Ref » 40) J
FIGURE 7
Fe
Proposed dimeric structure fox*
JVe (OCH^ )2 (acetylacetonate )J n * (Ref. 41)
4 4
Infra-red spectra indicated that all methoxide groups were equivalent 




A series of dimeric iron (III) complexes formed with tri-
and tetradentate Schiff-bases derived from salicylaldelyde has been
16 17 ao 50extensively studied magnetically and by x-ray crystallography. ’ * ~
Three different dimeric structures have been shown to exist for the 
complexes of this series and they are illustrated in Figure 8 .
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FIGURE 8
Structures of* Dimeric Iron(III) Schiff-Base Complexes.
iii) Jfo (sal ) (3-hydroxypropy1 )GlJ 2 tRof* 48 )
POLYNUCLEAR IRON(III) COMPLEXES AS MODELS 
FOR BIOLOGICALLY IMPORTANT MOLECULES
4 7
Recently there has been some interest in complexes of iron(lll) 
as possible analogues for biological complexes and in the general 
study of non-heme iron-protein interactions.
A good example is the use of iron(IIl) polymers to produce
synthetic models of the core of ferritin, the iron-storage protein.
. 21Spiro, Saltman and co-workers obtained a complex of the form
|Ve4 0 3 (0H>4 (N0 3 ) 2 . 1.5H20 J n
from a bicarbonate hydrolysed ferric nitrate solution. This polymer 
has a molecular weight of ca. 150,000 and closely resembles ferritin 
in its physical properties. The structure proposed for this so-called 
Saltman-Spiro Ball is shown in Figure 9.
Spiro, Saltman et al proposed that the iron(IIl) ions in ferritin
22 23are all tetrahedrally coordinated, but Gray and Holt et al have 
presented evidence that the iron is in an octahedral environment.
A number of model compounds support the latter proposal. .
2 AAsplund et al have prepared complexes of iron(IIl) and several 
aliphatic amino acids of the general formula JVeCAA^^oJ  ̂ . 0 . (CIO^)^,
which have physical properties similar to those of ferritin. X-ray
crystallographic analyses have shown these complexes to contain a
trinuclear equilateral triangular cluster of iron atoms (Figure 10),
very similar to the basic iron(lll) acetates, and the glycine complex
67 25recently reported by Holt et al . Holt and Thundathil have prepared
also a similar complex with proline. A theoretical isosceles triangle
5expression with = -26.5, Jg = -24.0, S = / ^ and g = 2.0 appears to
best fit the magnetic susceptibility data for this complex. It appears 
that the amino groups of the amino acids have little affinity for iron(lll)
FIGURE 9
n o 3
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Structure proposed for a synthetic analogue 
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S t r u c t u r e  o f (alanine)^. 0. (H20)3
+ . ( R e f .  2*0
and that coordination of the carboxyl groups of the amino acids to a 
trimeric iron residue is common.
Studies on ferritin, however, are not conclusive regarding the 
• environment of the metal ions. Holt and Thundathil25 have recently 
expressed doubts whether the trimeric unit is a valid sub-unit for 
ferritin on the grounds of some differences in magnetic behaviour.
Other polynuclear iron(lll) complexes found in biological systems 
include iron(lll) phosvitin and gastroferrin, which are thought to 
regulate iron absorption and haemosiderin, another important iron 
storage protein. The room-temperature magnetic moments and proposed
? fLcoordination of the iron(lll) in these complexes are shown in Table 1. .
5 0
TABLE 1 (Reference 26)
Complex Magnetic Moment (BM) Fe(lll) Environment
Iron(lll) phosvitin (green) 4.45 tetrahedral
Iron(lll) phosvitin (brown) 1.56 octahedral
Gastroferrin 3.45 octahedral
Haemosiderin ca 3.8 octahedral
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HYDROXY - BRIDGED COMPLEXES
A number of hydroxy-bridged polynuclear iron(lll) complexes are 
known. The high-spin complex Fe(OH)SO^ has a room temperature magnetic 
moment of 3.61 BM and the variation of its susceptibility with
temperature best fits the Heisenberg infinite linear chain model with
* -1 27 28g = 2.0 and J = -18cm . An x-ray study of its crystal structure
supports this.
[ •]
[<Complexes of the form | (RNH^)^ Fe OH (SO^^I and
(R2“NH2 ) 2 Fe OH (SO^^I where R is n-dodecyl or 3, 5, 5 -
trimethylhexyl have been prepared. The complexes may incorporate
one mole of water and/or ethanol per molecule. The room temperature
29magnetic moments are in the range 3.4 - 3.9 BM. Mossbauer and
27 25variable temperature magnetic studies 9 indicate equilateral and
isosceles trimeric hydroxy-bridged structures.
Di-hydroxy-bridged iron(lll) complexes are less common. The 
complex ion
/ oh
(H20)4 Fe\  / Fe (H2° 4 X 0H
4+
has been
is known only in solution and it has been reported as being diamagnetic 
31or paramagnetic by different workers.
A complex of the form I Fe(picolinate)OH 
prepared by Gray et al . The variation with temperature of its 
susceptibility over the range 16 - 230°K is -in accordance with a high­
spin dimer model with g = 2.0 and J = -8cm Infra-red spectral 
evidence also supports the proposed binuclear structure. %
30
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IRON (III) ALKOXIDE COMPLEXES
A number of iron (III) alkoxide and halo-methoxide complexes
with room-temperature magnetic moments intermediate between high-spin
33—36 68and low-spin values have been reported. * The magnetic 
susceptibilities of these complexes have been studied over the range 
80 - 300°K. The proposed structures are given in Table 2.
Complex
TABLE 2




Fe(OC2H5 ) 3 4.37 Trimer (Equilateral)^^*^
Fe(n-0C4H9 ) 3 4.35 Trimer (Equilateral)^*^
Fe(OCH3)3Cl 3.67 Trimer (Isosceles)"^*^
Fe4Cl3 (0CH3 ) 9 4.16
. <3 r O /
Tetramer (Tetrahedral) *
Fe^Br3 (0CH3)g 4.28 Tetramer (Tetrahedral) *
Fe.(0CHQ),C1,.4CH.0H 4 3 6 6 3 4.48
O cr 0 £
Tetramer (Planar) ’
Fe, (OCHj.Br,. .4CH-0H 4 3 6 6 3 4.80
m .. / n1 x35,36 Tetramer (Planar)
37However, recent Mbssbauer studies by Martin and Roos have 
cast doubt on a number of the structural assignments for the methoxide 
and chloromethoxide complexes. They propose a common lattice structure, 
similar to that of FeCl3 (Figure 11), but with layers in which methoxide 





Perhaps the best-known polynuclear iron (III) carboxylate
complexes are those in the series formulated jje3 (carboxylate)6 (OH>2J +
or, better, |Fe3 (carboxylate)^0J . These complexes are trinuclear
53 54 55and the acetate complex has been shown by x-ray crystallography * *
to have the structure shown in Figure 12.
56Earnshawetal have reported the magnetic properties of a
number of these complexes over the range 80 - 300°K. The room-
temperature magnetic moments fall in the range 3.16 - 3.44 BM and
the variation of the susceptibilities fits a theoretical equilateral
-1 -1triangular expression with J values from -23.5cm to -33.3cm .
The magnetic data for the mixed acetate complex : -i
[■Cr2Fe(CH3COO)6 (OH) 2 J .C1.6H20 over the range 1.4 - 290 K indicate 57an equilateral triangular structure . This is supported by x-ray 
crystallographic analysis. • :
Another series of basic Fe(IIl) carboxylates has been
58investigated by Duncan et al .. Room-temperature magnetic moments 
range from 3.25 - 3.45 BM and the variable temperature magnetic 
susceptibility data between 80 and 370°K, fit a theoretical isosceles 
triangle expression.
Binuclear complexes with EDTA and substituted EDTA have been
.6H20 isreported. The complex ^enH2 ] [ » *  N-hydroxyethyl EDTA) 2 
an oxo-bridged dimer and the magnetic susceptibility over the range 
1.6 - 23Q°Kfits a theoretical dimer expression with = S2 = *| ,
J * -86cm  ̂and g = 2.0.“̂  * ̂
A l s o  s e e  p a g e  1 0 .
FIGURE 12
Ke (CH^COO )6.0.3H20Structure of + . (Refs 53-55)
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Complexes of the type |Fe(OCH3 )2 (carboxylate)J ̂  were first 
prepared by Hofmann and Bugge^, who obtained the formate and acetate 
complexes by oxidation of the respective iron(ll) salts in methanolic 
solution. A simplified form of this method was later used by Hardt and 
Moller^.
Weinland and Holtmeier obtained the acetate complex by 
methanolysis of basic iron(lll) acetate. Starke prepared a series of 
alkanoate complexes by methanolysis of iron(IIl) dimethylsulphoxide and 
ethylacetoacetate complexes.
The above preparative methods did not lead to pure products, 
possibly because of partial hydrolysis of the complexes or co­
precipitation.
No characterisation of these complexes was carried out until 
Kokot et a l ^  ^  prepared a series of analytically pure alkanoates 
according to the reaction
CH °H -
FeCl3 + 2CH3OH + HL + 3R2NH ------ > FeCOCH^L + 3R2NH2 Cl
where piperidine was used as the secondary amine.
The complexes have room-temperature magnetic moments in the range 
4.67 - 5.23 BM and the magnetic susceptibility data over the range 
80 - 300°K was best fitted by a theoretical planar tetramer expression. 
The proposed structure, based on magnetic and spectral data, involves 




Proposed structure for complexes of the series 
Fe(Carboxylate)( O C H ^ • (Ref. 64-66)
The present work involves the investigation of dimethoxide 
complexes, prepared by the method of Kokot et a l ^  ^  of a wide range 





The present work is concerned with the investigation of dimethoxy 
iron (III) complexes with bidentate, oxygen-donor ligands. All complexes 
have theempirical formula FeLCOCH^)^ where L is ^3 - diketonate,
2 - hydroxyketonate or monocarboxylate. Structural formulae of
representative ligands are given in Figure 14. The method of 
preparation is similar to that used by Kokot et al6Zf’66.
PHYSICAL PROPERTIES OF THE COMPLEXES
With the exception of Fe(benzoylacetonate)(OCH^)^, all the 
complexes are insoluble in common non-polar organic solvents.
Most complexes are soluble in 1,2 - dichloropropane when refluxed 
for about fifteen minutes. The results of molecular weight 
determinations are discussed in the relevant section.
The complexes are coloured powders. The carboxylate complexes 
are yellow. The - diketonates are yellow to orange and the 
2 - hydroxyketonates are orange to brown. When heated, the 
compounds darken and decompose, -mostly without melting, over a range 
of about twenty degrees. The decomposition temperatures (first sign 
of darkening) of the complexes are listed in Table 3.
The carboxylate complexes hydrolyse readily when exposed to 
atmospheric moisture. The complexes of the P -  diketones and 
2 - hydroxyketones appear to be more stable in this respect.
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FIGURE 1b
Types of Ligands used:
diketones
r : \ CHI
*3
\ R.
where R 1 is C H ^  C F ^  0 ^ , 0  ( C H , ^  
r 2 is c h 3# c f 3 , c 6h 5,c (c h 3)3
R 3 is H , C2H 5
ii) 2-Hydroxyketones 
OH
where R 1 is H, CH3> C g H y  C^H^-Cl, C6H ^ -CH3 
R 2 is C l f C H jf C2H5 
R 3 is O C H 3 , O C gH 17
iii) Monocarboxylic acids 
R-COOH
where R is (for example) CH2C 1 # C H C l^ , CC13
A  complete list of the mono-carboxylic acids 
used m ay be found in Table 23 of the Experimental
Section
TABLE 3

















2-Hydroxy - • 172
5-Chloro, 2-hydroxy - 171
4'-Chloro, 2-hydroxy, 4-methoxy - 176
4',5-Dichloro, 2-hydroxy - 186
4*,5-Dimethyl, 2-hydroxy - 178
5-Ethyl, 2-hydroxy - 159
2-Hydroxy, 4-methoxy - 176
2-Hydroxy, 5-methyl - 170
2-Hydroxy, 4-n-octoxy - 117
2-Hydroxy, 1-naphthaldehyde 187
Salicylaldéhyde 202




















2.3- Dimethoxy - 1 9 3




3.5- Dimethoxy - 161
2- Methoxy - 125
3- Methoxy - 1 3 4
4- Methoxy - 120
' 3,4-Methylenedioxy - 128
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INFRA-RED SPECTRA
The infra-red absorption spectra of the present complexes are 
of considerable importance. In particular, the methoxide and 
carboxylate C-0 band frequencies provide valuable evidence 
concerning the structures of the complexes.
Listings of the infra-red bands over the range 3,600 to 400 cm 
for the present complexes are given in Table 25 of the Experimental 
section.
Methoxide and carboxyl C-0 stretching frequencies are collected 
in Tables 4 and 5. Representative examples of recorded spectra are 
shown in Figure 15.
TABLE 4
Methoxide O O  Stretching Frequencies forÆ-Diketonate and 
2-Hydroxyketonate FeLCOCH^^ Complexes
















5-Chloro, 2-hydroxy - 1048
4*-Chloro, 2-hydroxy, 4-methoxy - 1053
4*,5-Dichloro, 2-hydroxy - 1045
4',5-Dimethyl, 2-hydroxy - 1042
5-Ethyl, 2-hydroxy - 1043 •
2-Hydroxy, 4-methoxy - 1050
2-Hydroxy, 5-methyl - 1049
2-Hydroxy, 4-n-octoxy - 1052





Methoxide C - 0  and Carboxyl Stretching Frequencies (cm"^) for 
FeLCOCH^^ Carboxylate Complexes
Ligand -3)  COO
^  3l S
^Jcoo ^ )  c-o(o-<
Acetate
Chloro - ~ 1566 1421 1040
Dichloro - 1591 1405 1034
Diethyl - 1523 1423 1055
Diphenyl - 1538 1401 1045
2-Methoxy - 1543 1436 1042
2-Naphthoxy - 1562 1422 1045
m-Tolyl - 1529 1398 1041
p-Tolyl - 1532 1403 1045
Trichloro - 1612 1371 1039
Trifluoro - 1626 1471 1033
Trimethyl - 1522 1425 1050
p-t-Butylbenzoate 1503 1401 1042
Cinnamate
2,3-Dimethoxy - 1511 1399 1048
2,4-Dimethoxy - 1503 1398 1042
3,4,5-Trimethoxy - 1508 1405 1048
Phenylacetate
3,4-Dimethoxy - 1532 1402 1043
3,5-Dimethoxy - 1538 1403 1050
2-Methoxy - 1537 1422 1050
3-Methoxy - • 1535 1403 1045
4-Methoxy - 1534 1409 1044
3,4-Methylenedioxy 1526 1400 1035
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FIGURE 15
Examples of Recorded Infra-red Spectra for FeL(0CH^)2*
iii) L « 4~Methoxyphenylacetate
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METHOXIDE INFRA-RED SPECTRA
Alkoxides absorb strongly in the 1,000cm  ̂ region due to C-0
stretching. Alkoxides may be bonded to one metal ion only or may
70-72 Thisbridge two or three metal ions in coordination complexes.
is well illustrated in tetrameric titanium methoxide (Figure 16),
where*all three types of methoxide bonding are present. Bands at
1075, 1030 and 995 cm  ̂have been assigned to methoxide bonded to
74one, two and three titanium atoms respectively.
40 Ior picolinic-N-oxide , and Fe acac (0CH„)
['The complexes (FeL(OCH^) 0, where HL is dipivaloylmethane
3 2] . show single C-0 -1stretching frequencies at 1048, 1031 and 1050-1052 cm respectively. 
These have been assigned to methoxide bridging two 6-coordinate : 
iron (III) ions. The single C-0 stretching bands in the range 
1038-1052 cm  ̂observed for the series of complexes * c
jFe(carboxylate)(OCH^)2J ^ reported by Kokot et al have been
. . . .  . , 64-66similarly assigned.
For the complexes Fe^(0CH^)gX^ and Fe(0CH^)^X^.4CH^0H, where
X is halogen, Kakos and Winter 35 have assigned the bands in the
vicinity of 1000 cm as follows:
1080cm unidentate methoxide bonded to one 6-coordinate 
iron (III) ion.
1035cm methoxide bridging a 6-coordinate iron (III) 
ion to a 4-coordinate ir^n (III) ion.
1 0 2 0cm
1005cm
970cm
methoxide bridging two 4-coordinate iron (III) ions, 
coordinated methanol.
methoxide bridging three 6-coordinate iron (III) ions.
68
FIGURE 16
Structure of tetramente Titanium Methoxide .
(Ref. 73)
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However, these assignments are now in doubt as the postulated 
structures to which they refer have been shown to be improbable by 
the Mtfssbauer study of the complexes by Martin et al.
34
In the complex F e ^ O C H ^ ,  where 4-coordinate iron (III) is 
involved, the bands at 1055cm”1 and 1020cm” 1 have been assigned to 
unidentate and doubly-bridging methoxide respectively.
For all complexes in the present work, a strong C-0 stretching
band is observed in the range 1033-1055cm”1. This is the same range
as for the carboxylates of Kokot et al6¿*” 66 and it is the region in
which methoxide groups bridging two 6-coordinate iron (III) ions are
40expected to absorb.
All complexes in this work appear to have only one methoxide 
C-0 stretch band. Any apparent splitting of this band, or nearby bands, 
has been found to be due to absorption by methoxy or methyl groups of 
the ligands. Table 6 lists the infra-red stretching bands in the 
region 1 00 0 - 1 1 0 0 cm 1 for a number of complexes and their respective 
ligands. It can be seen that, whereas the bridging methoxide 
absorption is absent in the spectra of the ligands, the other bands 
occur in both complex and ligand.
The presence of a single methoxide C-0 stretching band indicates 
that all methoxide groups are equivalent and that any proposed 
structure should have all methoxide groups in equivalent sites 
bridging two iron (III) ions.
7 0
TABLE 6
Comparison of Infra-red Spectra in the Region 1100-1000cm”* for 




Bands (cm *■) 
Complex
Me thylacetoacetate 1070, 1018 1065, 1053*, 1011
Ethylbenzoylacetate 1075, 1031, 997 1070, 1048*, 1025, 
1005
2-Hydroxy, 4-Methoxy - 
Benzophenone 1072, 1024 1080, 1050*, 1032.
Ethyl salicylate 1088, 1029, 1 0 1 2 1095, 1048*, 1030, 
1015
* Bridging methoxide C-0 stretch
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INFRA-RED SPECTRA OF CARBOXYLATE COMPLEXES
The carboxylate group is known to coordinate to metal ions as
a unidentate or bidentate f either chelating or bridging, ligand.
75-77A number of workers have correlated the types of carboxylate
bonding with shifts in the stretching frequencies of the carboxylate 
groups on coordination. The various types of carboxylate coordination 
are shown in Figure 17.
81Curtis compared the frequencies of the asymmetric and
symmetric stretching bands for coordinated acetate groups with those of
ionic acetate (v» as = 1578cm  ̂ and P s  = 1414cm  ̂respectively). He
found that unidentate acetate shifts the asymmetric band to higher
wavenumbers and the symmetric band to lower wavenumbers. For
bidentate acetate, the frequency shifts are reversed. Bridging acetate
shifts the asymmetric band to higher frequencies (ca. 1600cm than
82those observed for other types of acetate bonding. The magnitudes 
and directions of the frequency shifts, relative to ionic acetate, 
are shown in Figure 18.
For the acetate complex Kokot et al observed a lowering
of the asymmetric band to 1540cm  ̂ and an elevation of the symmetric 
band to 1435cm  ̂ relative to ionic acetate. Similar frequencies were 
observed for the other carboxylate complexes. Kokot et al concluded 
that all the Fe(carboxylate)(OCH^)^ complexes involved bidentate 
carboxylate.
With few exceptions the present complexes have carboxyl stretching 
frequencies in the range reported by Kokot et al, i.e. 1545-1510cm 
for Pas and 1438-1390cm“1 for P s. Evidently the present complexes 






B o n d in g  m odes o f  t h e  c a r b o x y l  g ro u p
FIGURE 18
-1Wavenumber (cm*" )





( S y m m e t r i c )
Bidentate 




F r e q u e n c y  shifts (relative to Ionic Acetate) for 
various b onding modes of the Acetate group* (Ref. 81)
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In the halogenated acetate complexes the asymmetric band is
observed at a higher frequency relative to ionic acetate than for the non
halogenated acetates. However, when compared to the respective
83 84halogenated ionic acetates * (Table 7) the asymmetric band frequency 
is actually substantially lowered and the symmetric band frequency 
raised in each case. Thus the halogenated acetate complexes also 
conform to the other carboxylates with regard to direction and magnitude 
of frequency shift. A strong substituent effect is also present in 
the 2-naphthoxyacetate complex. Small variations in observed 
frequencies from one carboxylate to another are probably due to similar 
but less powerful substituent effects and possibly also to a varying 
degree of asymmetry of the carboxylate bonding mode.
TABLE 7
Comparison of Carboxylate Stretching Bands for Ionic and 
Chelated Haloacetates. Ref. 83-84
Frequencies in cm ^
c f 3c o o ~ c c i 3coo” c h c i 2c o o ~ c h 2cicoo~
Ionic Species 1689 1677 1640 1603
1446 1353 1399 1418
Chelated 1626 1612 1591 1566
1471 1371 1405 1421
INFRA-RED SPECTRA OF ft-DIKETONATE AND 
2-HYDROXYKETONATE COMPLEXES
The infra-red spectra of the present p-diketone and
. 2-hydroxyketone complexes FeLCOCH^^ are very similar to those of
the ligands, except for the presence of the methoxide band in the
spectra of the complexes. For acetylacetone it was possible to
compare the infra-red spectra of the present Fe(acac)(OCH^)^ complex
85with that of the monomeric Fe(acac)^ (Table 8 ). Except for the 
absence of the methoxide C-0 stretch band in Fe(acac)^, the spectra 
are virtually identical. It appears that the ligands in the 
present complex are also bidentate and non-bridging.
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TABLE 8
Comparison of Infra-red Bands for Fe(acac)Q 85 and Fe (acac)(OCHQ)„ 
in the Range 1600-700cm" ̂ ^
Fe(acac)_
- 1  J cm
Predominant Mode 
Assigned for Fe(acac)^
JVe(acac)(OCH^ ) 2 J n 
cm ^
1570 (C=-=-rC> + J  (ĉ i?o) 1596
1525 (c=iao) + V(cs=c) 1528
1445 8 (CH) +  4? ( c  z ^ c ) 1445 (br)
1425 8d (CH3 )
1385 6s (CH3 ) 1385
1360 Ss (CH3 ) 1360
1274 ^(C-CH3) + 1272
1188 6 (CH) + ^(C-CH3) 1189
1056 *
1 0 2 2 /°r (CHo) 1025
930 /-s O li O + 0 I: O 931
801 TT(CH)
780 -rr(CH)




ELECTRONIC SPECTRA OF THE COMPLEXES
Electronic spectra of iron (III) complexes are often poorly 
. resolved. The spin-forbidden d-d bands are very weak and are often 
completely obscured by the presence of strong charge-transfer bands 
in the near-ultraviolet region which extend into the visible region? 
Nonetheless, the electronic spectra of iron (III) complexes provide 
valuable evidence about the environment of the iron (III) ions.
SOLID-STATE ELECTRONIC REFLECTANCE SPECTRA
Reflectance spectra of the complexes at room temperature were 
recorded over the range 26,000cm * to 6,000cm” .̂ Solid-state 
reflectance spectral bands for all complexes are collected in Table 9. 
Representative spectra for the ji -diketonates and 2-hydroxyketonates 
as well as carboxylates are shown in Figures 19, 20 and 21 respectively.
The spectra of the ketonate complexes show a strong charge ' 
transfer band in the high energy region. In some cases this band 
extends to below 15,000cm  ̂ and bands above this frequency are 
obscured. Bands are observed at about 21,000cm ^, 15,000cm  ̂and 
10,500cm This is consistent with a six-coordinate environment 
for the iron (III) ions.
A strong charge transfer band is also present in the spectra 
of the carboxylate complexes. However, it has less effect than in 
the spectra of the ketonates and few bands are obscured. Bands are 
observed at about 21,500cm 18,500cm 15,500cm and 9,500cm .
This is again indicative of the presence of six-coordinate iron (III).
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TABLE 9
Solid-State Electronic Reflectance Spectra of FeL(OCH3 ) 2 Complexes
Ligand Band Frequencies
- 1 in3cm x 10
Acetylacetone 15.5, 10.5
Benzoylacetone -, 22.0, 15.5, 10.9
Dibenzoylmethane 20.0, 14.5, 11.0
Dipivaloylmethane . 15.5, 10.8
3-Ethylacetylacetone 1 0 . 2  *
Ethylbenzoylacetate 15.5, 10.8
Ethyl salicylate ' 15.5, 11.0
Hexafluoroacetylacetone 22.0, 15.5, 10.0
Methyl acetoacetate 1 0 . 2  *
Methyl salicylate 15.5, 10.5
Thenoyltrifluoroacetone 16.0, 1 0 . 2  .
1,1,1-Trifluoroacetylacetone 15.5, 10.2
2-Hydroxyacetophenone 1 1 . 0  *
Hydroxybenzophenones:
2-Hydroxy - 1 1 . 0  *
5-Chloro, 2-hydroxy - 1 0 . 2  *
4,-Chloro, 2-hydroxy, 4-methoxy - 16.5, 11.0
4*,5-Dichloro, 2-hydroxy - 10.3 *
4*,5-Dimethyl, 2-hydroxy - 10.5 * .
5-Ethyl, 2-hydroxy - 1 0 . 6  *
2-Hydroxy, 4-methoxy - 19.0, 10.9
2-Hydroxy, 5-methyl - 10.5 *
2-Hydroxy, 4-n-octoxy - 10.5 *
2-Hydroxy, 1-naphthaldehyde 20.0, 15.5, 10.0
Salicylaldéhyde 1 1 . 0  *
3-Ethoxysalicylaldehyde 9.8 *





- 1 m 3 cm x 10
. Acetate 21.5, 18.0, 16.0, 9.6
Chloro - 21.5, 18.0, 16.0, 9.6
Dichloro - - 21.5, 18.0, 15.5, 9.2
Diethyl - 21.5, 18.6, 15.0, 9.5
Diphenyl - 21.5, 15.0, 9.2
2-Methoxy - 21.5, 18.0, 15.0, 9.5
2-Naphthoxy - 21.5, 18.0, 15.5, 9.5
m-Tolyl - 21.5, 15.5, 9.5
p-Tolyl - 21.5, 18.0, 15.5, 9.4
Trichloro - 21.5, 19.0, 16.0, 9.5
Trifluoro - 21.5, 15.8, 9.8
Trimethyl - 21.5, 19.0, 15.5, 9.5
p-t-Butylbenzoate 21.5, 15.0, 9.5
Cinnamate
2,3-Dimethoxy - 21.5, 17.5, 15.8, 9.2
2,4-Dimethoxy - 21.5, 19.0, 15.8, 9.6
3,4,5-Trimethoxy - 21.5, 15.5, 9.5
Phenylacetate
3,4-Dimethoxy - 21.5, 16.0, 9.8
3,5-Dimethoxy - 21.5, 16.0, 10.3
2-Methoxy - 21.5, 19.5, 16.0, 9.5
3-Methoxy - 21.5, 18.5, 15.5, 9.5
4-Methoxy - 21.5, 15.5, 9.8
3,4-Methylenedioxy - 21.5, 16.0, 10.3
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FIGURE 19
Reflectance (above) and solution (below) spectra of
Fe(Acetyl a c e t o n a t e )(OCH^)^ •
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FIGURE 20
R e f l e c t a n c e  sp e c tr u m  o f  F e ( D i e t h y l a c e t a t e ) (OCH^)2
S o l u t i o n  sp e c tr u m  o f  Fe (Diptienylacotate ) (OCH^ )2
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FIGURE 21
Reflectance (above) and solution (below) spectra of 
Fe (5-Ch.loro, 2-hydroxybenzophenonate ) (OCH^)̂  •
In Table 10 are compared the spectral data for the present
complexes with those for a number of previously reported complexes
involving trigonally-distorted octahedral iron (III) ions? 7 The
similarity of the complexes in the series Fe(ketonate)(OCH3 ) 2 and
88N̂H4 ^3 F e ^m a l o n a t e ^3 points to the presence of a six-membered 
chelate ring. The bands for the present carboxylate complexes are 
generally lower in frequency than those of the NaMgFe(oxalate) 3 89 
complex. This appears to be consistent’with the presence of a 
four-membered chelate ring, although the spectra of a directly 
comparable complex could not be found.
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TABLE 10
Comparison of Electronic Spectral Data for Previously Reported 
Iron (ill) Complexes with Electronic Reflectance Spectral Data 
for the Present Complexes.
Complex Assignments and Band Frequencies
- 1  in3 cm x 10
V  -•> 4tig ig
4 4 4 -“> To — > A. , E^2g lg g
Fe<H20)63+ 1 2 . 6 18.5 24.3, 24.6
Fe(urea),^"o 12.5 17.1 23.1, 23.4
3-Fe(malonate)^ 1 1 . 0 15.9 22.6, 22.9
I Fe(p-diketonate) (OCH^)^ 1 ca 10.5 ca 15.5 ca 2110
3_Fe(oxalate)„̂ 1 10.7 15.2 22.1
1 Fe(carboxylate) (OCH^^ |n ca 9.5 ca 15.5 ca 18.5,21.5
ELECTRONIC SOLUTION SPECTRA
The electronic spectra of 0.02M solutions of the complexes 
in 1 ,2-dichloropropane are characterised by the presence of a single 
weak, broad band in the range 11,000-10,400cm“1 due to the 6AL 
transition and a strong charge transfer band at higher energies. The 
d-d band is consistent with the presence of six-coordinate iron (III) 
Spectral bands of the complexes in solution are listed in Table 11. 
Representative solution spectra are shown in Figures 19,20 and 21.
Whereas for the carboxylates the band is well resolved, for 
the ketonate complexes the band is present as a shoulder in most 
cases, due to the intense charge transfer band. For all benzophenone 
and salicylaldehyde derived ligand complexes, only a shoulder is 
observed. .
The benzoylacetonate complex is the only one soluble in 
benzene. Its spectrum in benzene is very similar to that in 
1,2-dichloropropane except that the band observed at 10,500 cm”  ̂
is not as broad and has a higher extinction coefficient.
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TABLE 11
Band Frequencies and Extinction Coefficients for Electronic
Spectra of 0.02M Solutions of FeL(OCH3)2 Complexes in 1,2-Dichloropropane.
Ligand Frequency cm ^ €
Acetylacetone 10,300 1.3Benzoylacetone 10,900 1.7Dibenzoylmethane 10,600(Sh) 6.0Dipivaloylmethane 11,100(Sh) 7.3
3-Ethylacetylacetone 11,100(Sh) 6.2
Ethylbenzoylacetate 11,100(Sh) 9.7
Ethyl salicylate 10,900 1.7
Hexafluoroacetylacetone 10,300 2.7
Methylacetoacetate 11,100(Sh) 6.2
Methyl salicylate 11,100(Sh) 8.2
Thenoy1tri fluoroace tone 10,300 1.9
1,1,1-Trifluoroacetylacetone 10,300 1.3
2-Hydroxyace tophenone 11,100(Sh) 4.0
Hydroxybenzophenones: 
2-Hydroxy - 10,750(Sh) 4.7
5-Chloro, 2-hydroxy - 10,750(Sh) 4.0
4l-Chloro, 2-hydroxy, 4-methoxy - 11,100(Sh) 9.5
4',5-Dichloro, 2-hydroxy - 11,100(Sh) 8.1
4',5-Dimethy1, 2-hydroxy - 11,100(Sh) 6.4
5-Ethyl, 2-hydroxy - 11,100(Sh) 7.5
2-Hydroxy, 4-methoxy - 11,000(Sh) 6.3
2-Hydroxy, 5-methyl - 11,100(Sh) 9.8
2-Hydroxy, 4-n-octoxy - 10,750(Sh) 3.8
2-Hydroxy, l-naphthaldehyde 11,100(Sh) 6.5
Salicylaldéhyde 11,100(Sh) 8.2
3-Ethoxysalicylaldehyde 11,100(Sh) 10.5
Benzoylacetone (0.01M in Benzene) 10,500 7.0
m-Tolylacetate 10,500 2.6
p-Tolylacetate 10,500 2.6
Tr ime thy 1 ace ta te 10,500 2.5
Benzoate 10,400 3.2
p-t-Butylbenzoate 10,500 2.5o-Chlorobenzoate 10,400 2.6
Diphenylacetate 10,500 . 2.5
Phenylacetate 10,500 3.3
3,4-Dimethoxy - 10,500 1.4
3,5-Dimethoxy - 10,500 2.1
3-Methoxy - 10,500 1.3




MAGNETIC BEHAVIOUR OF THE COMPLEXES
♦
On the basis of their magnetic behaviour, the complexes fall 
into three groups. The carboxylates appear to be all tetramers. For 
the remaining complexes, derived from 2-hydroxyketones or 
-diketones, trimeric or infinite linear chain structures are 
indicated.
TETRAMERS
The complexes discussed in this section are the carboxylates.
The magnetic susceptibilities and moments at room temperature are 
contained in Table 12 and at various temperatures in Table 13 (Page 170)
The moments at room temperature fall into the narrow range
4.77 to 5.14 BM.. The moments are significantly below the 5.9 BM
90characteristic of high-spin iron (III). For most complexes 
measurements have been carried out to 4°K.
The variable temperature susceptibilities and moments indicate 
that the complexes are antiferromagnets. Curie or Curie-Weiss Law 
is not obeyed. The reciprocal of the susceptibility curves up 
towards higher values and the magnetic moment falls with decreasing 
temperature. •
\V
Calculated susceptibilities were fitted to experimental values
using theoretical expressions for the magnetic susceptibility derived
8 56from the following structural models: dimer, equilateral and
35 35isosceles triangular trimer, tetrahedral and planar tetramer,
infinite linear chain.^ In agreement with the assumption that the








3cm ^  
mole
• -1 0 6 
A






Chloro - 290.0 47.63 91.4 10151.3 4.87
Dichloro - 299.2 40.92 106.5 10157.7 4.95
Diethyl - 299.1 42.94 124.8 10121.4 4.94
Diphenyl - 299.1 30.49 169.9 10195.7 4.96
2-Methoxy - 299.1 48.98 93.8 10222.7 4.97
2-Naphthoxy - 298.7 32.67 157.1 10573.4 5.05
m-Tolyl - 293.9 37.54 141.5 10158.3 4.91
p-Tolyl - 290.3 39.19 141.5 10597.2 4.98
Trichloro - 299.3 33.19 119.5 9412.7 4.77
Trifluoro - 290.0 48.62 95.8 11313.9 5.14
Trimethyl - 299.3 45.15 112.9 9995.3 4.91
p-t-Butylbenzoate 291.0 32.98 158.2 9893.2 4.82
Cinnamates:
2,3-Dimethoxy - 290.3 32.37 164.0 10675.5 5.00
2,4-Dimethoxy - 290.6 32.23 164.0 10632.7 4.99
3,4,5-Trimethoxy - 293.9 28.56 173.5 10305.6 4.94
Phenylacetates:
5.003,4-Dimethoxy - 293.8 33.23 156.5 10567.5
3,5-Dimethoxy - 293.6 32.86 156.5 10446.0 4.98
2-Methoxy - 293.7 33.47 140.1 9618.3 4.77
3-Methoxy - 293.8 35.75 140.1 10250.9 4.93
4-Methoxy - 298.7 36.22 140.1 10383.9 5.00
3,4-Methylenedioxy - 290.3 34.56 138.8 10394.2 4.94
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splitting factor, g = 2 and temperature independent paramagnetism,
N <=* = 0 were used in the calculations.
The planar tetramer equation gave the best fit for all the
carboxylate complexes with the three exchange integrals required by 
35this equation set equal, JA = Jg = Jc (Figure 22).
The best-fit curves given by the various cluster models are 
compared in Figure 23 for Fe(diethylacetate)(OCH3 >2 , typical of 
the.present carboxylate complexes.
Most compounds have a maximum in the reciprocal susceptibility.
around 15°K. This is almost certainly the result of paramagnetic
impurities nearly always present in iron complexes. Addition of
less than 17«, Curie Law behaviour to the theoretical susceptibilities
is sufficient to reproduce the maximum observed in the experimental
y  -i(T) curves. This is shown for the diphenylacetate complex in 
Figure 24.
The best-fit J values based on the planar tetramer model and 
the Curie Law correction for paramagnetic impurities where required 
are listed in Table 14. The experimental and best-fit theoretical 
curves for the series of carboxylate complexes are shown in Figure 25.*
The ^(T) curves are very similar for all carboxylates andA
the J values fall in the narrow range -2.5 to -3.9 cm . The magnetic 
behaviour of the complexes thus appears to be insensitive to substituents 
on the ligand molecules and probably reflects a similar structure 
for all the complexes.
Recently Kokot et a l ^  ^  characterised 27 analogous carboxylate * 
complexes. They measured the susceptibilities in the range 80 - 350 K




Scheme of exchange integrals for a planar
tetramer (Ref. 35)
Comparison of best-fit X “\ t ) curves for the
jri
Diethylacetate complex for various cluster models.
FTGURK 23




The Effect of Paramagnetic Impurity on The Theoretical 
"V  ~1










Best-fit J Values and Corrections for Paramagnetic Impurities for 
Carboxylate Complexes, FeLCOCHg)^, Planar, Tetramer Equation
Complex JA = JB = Jc . cm"1, S = %
g = 2 .0 , N0<= 0
Acetate (s) -3.3 + 0.75% Curie Law 
(J = -3.2, J = J = -3.0*) 
-3.6 + 1% Curie LawChloro -
Dichloro - -3.6**
Diethyl - 3.6





Trichloro - -4.1 + 1% Curie Law
Trifluoro - -2.5
Trimethyl - -3.8
Benzoate (s) -3.8 + 1% Curie Law
(V  = JB = Jc = -3-8,) • op-t-Butyl -
Cinnamate (s) -4.0 + 1% Curie Law
(J = -3.5, J = J = -4.3*)
-3.3 + 1% Curie Law2,3-Dimethoxy -
2 ,4-Dimethoxy - -3.2 + 1% Curie Law
3,4,5-Trimethoxy - -3.4 + 1% Curie Law
Phenylacetate (s) -3.8 (J = -3.5, Jg = Jc = -4.3*)
3,4-Dimethoxy - -3.2
3,5-Dimethoxy - -3.2




* Compounds previously prepared by Kokot et al 
Magnetic measurements extended to liquid He 
temperatures in this work
** Curie Law correction was applied only in cases where 
more than 0.5% correction was required
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the complexes have been re-prepared in this work and their susceptibilities 
measured down to 4°K. The present measurements confirm the applicability 
of the planar tetramer model and give J values for the complexes 
(see Table 14) similar to those reported by Kokot et al.
The magnetic and spectral evidence indicates a planar tetrameric 
structure for the present complexes involving bidentate carboxylate 
groups, equivalent methoxide groups and six-coordinate iron (III).
Possible structures involving a planar cluster of four iron 
atoms for the carboxylate complexes are indicated in Figure 26. The 
structures in Figures 26 and 27 involve octahedral iron (lit). They 
are, however, inconsistent with the infra-red spectra because they 
contain non-equivalent methoxide groups and/or bridging carboxylate.
The structure in Figure 28 is Pi anar with five-coordinate 
iron and equivalent methoxides. The electronic reflectance spectra 
of the carboxylate complexes show a band at about 10,000cm This
92band is normally absent in the spectra of five-coordinate complexes.
The methoxide groups are unidentate and would be expected to give a 
C-0 stretching band at about 107.0cm  ̂rather than under 1055cm  ̂ as 
actually observed. Also, bridging oxygen of the carboxyl groups is 
inconsistent with the presence of non-bridging bidentate carboxyl 
groups indicated by the infra-red spectra (see Page 71 ). The presence 
of a bridging carboxyl oxygen should shift the carboxylate bands 
to higher frequencies.
The structure in Figure 29 involves five-coordinate iron and 
unidentate carboxylate and is thus inconsistent with both the 
electronic and infra-red spectral evidence.
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T e tr a m e r ic  s t r u c t u r e s  f o r  th e  c a r b o x y la t e  co m p lex es  
w it h  5 - c o o r d in a t e  ir o n  atom s*
FIGURE 30
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T e t r a m e r ic  s t r u c t u r e  f o r  the c a r b o x y la t e  c o m p le x e s  
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FIGURE 31
T e t r a m e r ic  s t r u c t u r e  f o r  th e  carboxylate c o m p le x e s  
w it h  t r i g o n a l  p r i s m a t i c  iron atoms.
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iron atoms, terminal methoxides and bridging carboxylates and is thus 
not supported by the spectral evidence.
A structure which is consistent with the presence of a planar 
configuration of four six-coordinate iron (III) ions, equivalent 
methoxide groups and non-bridging bidentate carboxylate is shown 
in Figure 31. ' It involves trigonal prismatic or trigonally-distorted 
iron (III) postulated by Kokot et al6^ ” 66 for a series of analogous 
carboxylate complexes. Catalin models demonstrated the feasibility 
of the structure.
Yet another possible structure involves a hexameric sub-unit 
of the lattice structure suggested for the complexes Fe(OCH^)^ and 
Fe^OCH^yCl^ by Martin et al (Figure 11). A cluster of six iron 
atoms is inconsistent with the presence of a planar cluster of four 
iron atoms indicated by the good fit of the planar tetramer model.
In theory, spectral studies should provide evidence for
93 89trigonal prismatic coordination. Van Vleck and Holt and Dingle
4 5 .have noted that the degeneracy of the T(G) states of a d ion 
should be removed in going from a cubic to a trigonal ligand field. 
The degenerate triplet states should split into a doublet (E) and 
a singlet (A) in a trigonal field.
In practice, this splitting appears to be almost impossible to
detect. The spectrum of the trigonally-distorted complex
Fe(urea),(CIO. ) 0 at 20°K shows very slight splitting of the lowest o 4 3
. . . .  .  8 <energy band. At ambient temperatures the splitting is not observed. 
In other trigonally-distorted iron (III) complexes, this splitting 
has not been observed even at very low temperatures.
For the present series of complexes, no splitting is observed
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of the two lowest energy bands. The bands are of low intensity and 
broad. This would almost certainly obscure any small splitting of
o nthe magnitude observed by Holt and Dingle?
Although to date a pure trigonal-prismatic iron (III) complex 
has not been reported, it is of some relevance to the present work 
to note that structures of tris iron (ill) complexes with bidentate 
ligands show a degree of trigonal distortion. ’ The distortion
of an octahedron towards a trigonal prism has been explained by the
. . 96trigonal, or Bailar, twist mechanism.
If we consider an octahedron as a trigonal antiprism, one can 
visualise (Figure 32) that if the triangular faces of the trigonal 
prism are twisted relative to each other by 60°, an octahedron is 
produced. The twist angle provides a measure of the distortion 
from octahedral symmetry.
The most strongly trigonally-distorted iron (III) complex
In the carboxylate complexes, the small "bite" of the bidentate 
carboxylate group would be expected to favour distortion towards a 
trigonal prismatic structure.
have twist angles of 38.6° and 40° respectively.
FIGURE 32 *
C o n v e r s io n , of* a  T r ig o n a l  P r ism  i n t o  an O c ta h e d r o n  
th r o u g h  a  B a i l a r  t w i s t *  (R ef*  9 6 )
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TRIMERS
The complexes discussed in this section include all the 
2-hydroxyketonates and most of the jS -diketonates. The magnetic 
susceptibilities and moments at room temperature are contained in
Table 15 and at various temperatures in Table 16 (Page 212).
\
Room temperature magnetic moments for the present series of 
complexes fall in the range 4.11 to 4.67 BM. The moments are even 
lower than those of the carboxylates discussed previously. The 
magnetic properties of most of the present complexes have been 
investigated to 4°K.
As in the case of the carboxylates, it appears that the complexes 
are antiferromagnets. Both the reciprocal of the susceptibility and 
the magnetic moment curves are non-linear and fall with decreasing 
temperature. Calculated susceptibilities were fitted to experimental 
values using theoretical expressions for the magnetic susceptibility 
derived from the structural models listed earlier (Page 88). The 
values of g = 2 and No( = 0 were used in the calculations as before.
The isosceles triangular trimer equation gave the best fit for 
all the complexes in this section. This equation requires the use 
of two exchange integrals (Figure 33) compared to only one for the 
equilateral trimer equation.
The best-fit curves given by the various cluster models are 
compared in Figure 34 for Fe(2-hydroxy, 1-naphthaldehyde)(OCH^^ » 
typical of the present complexes.
In a small number of cases, the fit of the theoretical curve 
was enhanced by the addition of a small amount of Curie Law behaviour.
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TABLE 15












Cm - 1  mole
y C L
B.M.
Benzoylacetone 297.1 21.33 131.2 7487.4 4.24
Dibenzoylme thane 293.6 - 23.56 165.5 8198.3 4.41
Dipivaloylmethane 289.4 26.76 167.9 8226.3 4.38
Ethylbenzoylacetate 293.1 24.51 147.6 7716.5 4.27
Ethyl salicylate 294.1 28.62 129.8 8224.8 4.42
Hexafluoroacetylacetone 291.5 27.02 126.7 9255.8 4.67
Methyl salicylate 294.2 29.75 127.7 8524.3 4.50
2-Hydroxyacetophenone 297.0 29.68 118.7 7754.1 4.31
Hydroxybenzophenones: 
2-Hydroxy - 288.8 24.56 154.3 7989.8 4.32
5-Chloro,2-hydroxy - 298.8 22.09 167.2 7780.9 4.35
4'-Chloro,2-hydroxy,4-methoxy - 293.6 19.52 186.9 7672.6 4.26
4',5-Dichloro,2-hydroxy - 288.1 21.42 192.4 8796.8 4.52
4',5-Dimethyl,2-hydroxy - 288.1 23.45 183.5 8447.0 4.43
5-Ethyl,2-hydroxy - 289.6 22.55 176.9 7917.4 4.30
'4-Methoxy,2-hydroxy - 293.6 21.33 169.6 7520.5 4.22
5-Methyl,2-hydroxy - 295.6 21.10 164.9 7098.8 4.11
4-n-0ctoxy,2-hydroxy - 288.7 18.09 262.9 8516.0 4.45
2-Hydroxy,1-naphthaldehyde 298.8 25.41 135.8 7469.8 4.24
Salicylaldéhyde 299.3 30.52 104.0 7389.1 4.22
3-Ethoxysalicylaldéhyde 294.5 26.15 127.5 7648.0 4.26
FIGURE 33
E x ch a n g e i n t e g r a l s ,  J ,  r e q u ir e d  i n  th e
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However, for the majority of complexes this was not required. The 
best-fit J values based on the isosceles triangular trimer model are 
listed in Table 17. Experimental and best-fit theoretical susceptibility 
curves for the present complexes are compared in Figure 35 (Page 191).
For all the present complexes, except when HL is dipivaloylmethane, 
The values range from -6 .8cm” 1 to -17.0cm’1 and the 
values from -0.5 to -13.5cm”1.
It is interesting to note that, for a number of the proposed 
trimers, agreement with analyses is improved by introducing up to a 
mole of water or methanol per mole of iron. The presence of solvent 
in these complexes does not appear to affect their magnetic behaviour.
This indicates that the presence of solvent molecules does not alter 
the basic structure.
The solvent molecules are probably present as solvent of 
crystallisation. Desolvation of the complexes by heating was . 
accompanied by slight decomposition and it was not possible to prepare 
the pure, unsolvated complexes in this way.
Exposure to air for up to six hours did not alter the magnetic 
moments of these complexes. This indicates that the present complexes 
are more stable to atmospheric moisture than the carboxylates, some 
of which decompose visibly within an hour. The enhanced resistance to 
hydrolysis of the complexes in this section probably stems from the 
presence of unstrained, stable 6-membered chelate rings, while the 
carboxylates appear to involve the less stable 4-membered ring system.
To conform with the experimental evidence, a structure for 
the present complexes should satisfy the following requirements:
1 0 9
TABLE 17




- 1cm - 1cm
Benzoylacetone -13.6 - 4.8
Dibenzoylmethane -1 2 . 0 - 4.5
Dipivaloylmethane - 6 . 8 -13.5
Ethybenzoylacetate -11.5 - 4.5
Ethyl salicylate ' -11.5 - 4.5
Hexafluoroacetylacetone - 7.5 - 4.5
Methyl salicylate -1 1 . 0 - 0.5
2-Hydroxyacetophenone -13.5 - 1 . 0
Hydroxybenxophenones:
2-Hydroxy - -10.7 - 4.0
5-Chloro,2-hydroxy - -1 2 . 0 - 4.5
4 *-Chloro,2-hydroxy,4-methoxy — -1 1 . 0 - 5.0
4',5-Dichloro,2-hydroxy - - 9.2 - 4.7
4',5-Dimethyl,2-hydroxy - -1 0 . 0 - 4.0
5-Ethyl,2-hydroxy - -11.5 - 4.5
2-Hydroxy,4-methoxy - -14.0 - 1 . 0
2-Hydroxy,5-methyl - -13.6 - 4.8 + 0.5% Curie Law
2-Hydroxy,4-n-octoxy - -10.7 - 0.5
2-Hydroxy,1-naphthaldehyde - -1 1 . 0 - 6 . 0
Salicylaldéhyde - -17.0 - 1.0 + 0.5% Curie Law
3-Ethoxysalicylaldehyde - -14.0 - 3.0 •
i) It must contain a trinuclear cluster of six-coordinate 
iron atoms capable of interaction.
ii) The presence of equivalent, bridging methoxide groups.
iii) A configuration which permits the formation of the 
complexes with bulky ligands without steric strain.
iv) The presence of bidentate, non-bridging ligands.
A structure which satisfies thes-e criteria is shown in 
Figure 36. It involves trigonal prismatic or trigonally-distorted 
iron (ill). This structure is similar to that proposed for the 
tetramers (Figure 31), except that one iron atom has been eliminated. 
The elimination of one iron atom in the present complexes to form 
the trimer is necessitated by the bulkiness of the ligands, which 
would lead to steric hindrance in a planar tetramer. The 
inter-ligand angle is increased from 90° in the tetramers to 120° 
in the trimers. Construction of Catalin models indicated that 
adoption of a tetrameric structure with the ligands used in this 
section would lead to steric hindrance.
It is possible to write a five-coordinate structure (Figure 37 
analogous to that in Figure 31 for the tetramers. The structure 




■ T r im e r ic  s t r u c t u r e  w it h  t r i g o n a l l y  d i s t o r t e d  
s i x - c o o r d i n a t e  i r o n  atom s*
FIGURE 37
T r im e r ic  s t r u c t u r e  w ith  f i v e - c o o r d i n a t e  
iron atoms*
CHAIN POLYMERS
The complexes discussed in this section are those of the smaller 
/3-diketones. Magnetic data at room temperature are contained in 
Table 18 and at various temperatures in Table 19 (Page 256).
The room-temperature magnetic moments fall in the range 4.00 
to 4.25 BM. These moments are lower than for the tetramers and 
even slightly lower than for the trimers. The variable temperature 
magnetic data indicate that the present complexes are antiferromagnets. 
The susceptibility and moment curves do not follow Curie or Curie-Weiss 
Law.
Susceptibilities calculated from the theoretical expressions 
listed earlier (Page 8 8) were fitted to the experimental values. It 
was found that the dimer and Fisher chain equations, with the 
addition of some Curie Law behaviour, gave the best fits. .
The dimer equation gives a good fit at higher temperatures, 
but it deviates from experimental values below 80°K. Even with the 
incorporation of a relatively large proportion of Curie Law behaviour 
it is impossible to obtain a good fit over the entire range. The 
Fisher chain expression allows a good fit over the entire range with 
small Curie Law corrections. The best-fit curves given by the various 
cluster models are compared in Figure 38 for Fe(acac)(OCH^)^, typical 
of the present yS-diketonate complexes.
The best-fit J values based on the Fisher chain model, together 
with the necessary Curie Law corrections, are shown in Table 20. 
Comparisons of experimental and theoretical ?^^(T) curves for the 
present complexes are illustrated in Figure 39 (Page 230).
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TABLE 18















Acetylacetone 300.0 33.01 96.7 7253.1 4.19
3-Ethy1 acetylacetone 291.0 30.38 110.4 7555.7 4.21
Methylacetoacetate 295.0 32.08 107.2 7579.6 4.25
Thenoyltrifluoroacetone 293.1 19.42 128.8 6734.7 4.00
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FIGURE 58 (cont.)
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TABLE 20
Best-fit J and Paramagnetic Impurity Correction Values for Chain Polymers
Complex J cm ^
where HL is: S = 5/2 , g = 2.0, = 0
Acetylacetone -13.8 + 0.75% Curie Law
3-Ethylacetylacetone -12.5 + 1.5% Curie Law
Methylacetoacetate -12.0 + 1.5% Curie Law
Thenoyltrifluoroacetone -15.0 + 2.5% Curie Law
1,1,1-Trifluoroacetylacetone -12.3 + 2.0% Curie Law
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To conform with the experimental evidence, a structure for the 
present series of complexes should satisfy the following requirements:
i) The presence of a chain of six-coordinate iron (III) atoms,
iii) The presence of bidentate, non-bridging ligands.
iii) All methoxide groups should be equivalent and bridge two
iron (III) atoms.
A number of infinite chain structures can be written which satisfy 
these requirements. Three of them are shown in Figure 40. Two structures 
(i and ii) involve octahedral coordination, while the third (iii) 
involves trigonal prismatic coordination.
A dimeric structure for the complexes is not supported by 
molecular weight determinations which give, for most of them, a 
molecularity higher than two (see Page 122).
It is of interest to note that the complexes whose magnetic 
hehaviour is best fitted by the chain model are those involving the 
smallest ligands. When bulkier ketonate ligands are used, the 
magnetic behaviour is best fitted by the trimeric model.
The polymeric structures (ii) and (iii) in Figure 40 are not 
expected to involve steric crowding of the ligands and should be 
possible with even the bulkiest ketonate ligands used in this work.
It appears that the driving force for the adoption of a polymeric chain 
structure comes from better packing in the lattice when a polymeric 
structure is adopted. Catalin models have demonstrated the feasibility 
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Trigonal prismatic infinite chain structure 
for Fe (|5-diketonate ) (0CH_ ) ^ ,
1 2 0
MOLECULAR WEIGHT DETERMINATIONS
The complexes are insoluble in common non-polar organic solvents 
with the exception of the benzoylacetonate complex which is soluble in 
benzene. Most complexes dissolved in 1,2-dichloropropane on refluxing 
for about 15 minutes at 98°C. Measurements were carried out osmometrically 
at tw© concentrations. The higher concentration is close to the 
limiting solubility for most of the complexes. The results are given 
in Table 21.
The relatively high temperature required to effect solubility 
appears to cause partial breakdown of the complexes into smaller units 
resulting, at lower concentration, in a complexity of one in a few 
cases. At a higher concentration the complexity is without exception 
higher than one. For the benzoylacetonate complex which dissolved 
in benzene without heating, a molecular weight of 947 at the higher 
concentration was measured. This is 137« higher than the 837 required 
for a trimer as indicated by the magnetic behaviour. Taking into 
account the accuracy of this method the result is substantially in 
agreement with a trimeric structure for this complex.
The molecularities in 1,2-dichloropropane, whilst never reaching 
the molecularity indicated by the magnetic behaviour of the complexes, 
show nonetheless a trend which appears to give substance to the 
complexity indicated by the magnetic measurements. Thus, the trimers 
have, on average, a lower complexity than the tetramers and the infinite 
chain polymers have the highest complexity.
In the case of the infinite chain polymers, all complexes have 
a complexity of at least two, with three out of the four complexes 
well above that. These relatively high complexities render a dimeric
structure highly improbable and substantiate an infinite chain 
structure indicated by the magnetic behaviour.
A study of the electronic solution spectra of the present
complexes in 1,2-dichloropropane has revealed that shifts of the 
6 4T^ bands parallel trends observed in the results of 
molecular weight determinations of them.
For the chain polymers, a shift to higher band frequency is 
observed with increased complexity. For the benzoylacetonate complex, 
which dissolves in 1,2-dichloropropane at room temperature, the 
3,4-dimethoxyphenylacetate and 4-methoxyphenylacetate complexes, 
which were chosen for their relatively high solubility and strong 
concentration dependence of complexity, a concentration dependence 
of both band frequency and extinction coefficient is observed 
(Table 22). The higher the concentration of the solution the 
higher are the frequency and the extinction coefficient. In a .
0.01 M solution of the 4-methoxyphenylacetate complex, when the
8 6molecularity is 1.0, the band actually disappears. This indicates 
that the monomer is tetrahedral in solution and that the concentration- 
dependant equilibrium
[ Fe L (OCH3)2 
6 coordinate





Molecular Weight Determinations in 1,2-Dichloropropane for the 
Complexes FeLCOCH^)^







Acetylacetone 849 3.9 0.0432
■ 672 3.1 0.0233
Methyl acetoacetate 480 2.0 0.0483
' • - ' • 321 1.4 0.0241
Thenoyltrifuloroacetone 930 3.3 0.0581
570 2.0 0.0280




Benzoylacetone 446 1.6 0.0583
308 1.1 0.0289
Benzoylacetone(benzene) 949 3.3 0.0381.
(.00701 and .01401) 930 3.3 0.0203 .
Dibenzoylme thane 755 2.2 0.0695
563 1.7 0.0339
Dipivaloylmethane 529 1.8 0.0599
418 1.4 0.0309
Ethylbenzoylacetäte 470 1.5 0.0614
366 1.2 0.0303
Ethyl salicylate 407 1.4 0.0569
315 1.1 0.0302
Hexafluoroacetylacetone 813 2.5 0.0644
505 1.6 0.0330
Methyl salicylate 462 1.7 0.0540
342 1.3 0.0283








2. Trimers (Cont) 
Hydroxybenzophenones: 
2-Hydroxy - 488 1.6 0.0644
* ■ 312 1.0 0.0317
5-Chloro,2-hydroxy - 442- 1.3 0.0705
300 0.9 0.0334
4*-Chloro,2-hydroxy,4-methoxy - 577 1.5 0.0768
570 1.5 0.0389
4 5-Dimethyl,2-hydroxy - 463 1.4 .0.0696
401 1.2 0.0343
5-Ethyl,2-hydroxy - 439 1.3 0.0675
334 1.0 0.0332
2-Hydroxy,4-methoxy - 469 1.4 0.0705
346 1.0 0.0340
2-Hydroxy,5-methyl - 479 1.5 0.0675
342 1.0 0.0364
2-Hydroxy,4-n-octoxy - 680 1.5 0.0888
471 1.1 0.0430
2-Hydroxy,1-naphthaldehyde 459 1.6 0.0606
310 1.1 0.0311
Salicylaldéhyde 356 1.5 0.0473
231 1.0 0.0232




Diphenyl - 661 2.0 0.0650
385 1.2 0.0338
m-Tolyl - 693 2.6 0.0545 ‘
465 1.7 0.0274









Trimethyl* - 664 3.0 0.0438
469 2.1 . 0.0217
Benzoate(s): 532 2.2 0.0511
337 1.4 0.0253
o-Chloro - 894 3.3 0.0548
371 1.4 0.0270
p-t-Butyl - 809 2.7 0.0599
430 1.5 0.0303
Phenylacetate(s): 460 1.8 0.0511
212 0.8 0.0263
3,4-Dimethoxy - 938 3.0 0.0629
404 1.3 0.0313
3,5-Dimethoxy - 691 2.2 0.0615
333 1.1 0.0316
3-Methoxy - 609 2.2 0.-0563
468 1.7 0.0276
4-Methoxy - 798 2.8 0.0563
279 1.0 . 0.0268 .




. . 6 4Variation of Band ( -$> T^) Frequency and Extinction Coefficient
with Concentration (1,2-Dichloropropane Solution)
Ligand Cone (M) Frequency (cm € Complexity
Benzoylacetonate 0.04 10,400 1.7
0 . 0 2 10,900 1.7 1 . 6
0 . 0 1 10,900 0.7 1 . 1
3,4-Dimethoxy - 0.04 10,500 1.7
Phenylacetate 0 . 0 2 10,500 1.4 3.0
0 . 0 1 10,800 0 . 2 1.3
4-Methoxy - 0.04 10,500 1.3
Phenylacetate 0 . 0 2 10,750 1 . 2 2 . 8





All methanol used was dried by refluxing with 2,2* dimethoxypropane 
(50 ml/litre). It was then distilled and the fraction boiling from 
64-65°C was collected.
Piperidine (B.D.H.)
Piperidine was distilled shortly before use. The fraction boiling 
from 106-108°C was collected.
Anhydrous Iron (III) Chloride (Merck and B.D.H.)
A 0.5 M stock solution in dry methanol was used.
Commercially Available Ligands
Ligands used in this project which were available commercially 
are listed in Table 23, together with their suppliers.
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TABLE 23





Dipivaloylmethane Pfalz & Bauer (P & B)
Ethylbenzoylacetate Aldrich
Ethyl salicylate British Drug Houses (BDH)
Hexafluoroacetylacetone Fluka








2-Hydroxy,4-methoxy - . Koch-Light Laboratories
2-Hydroxy,5-methyl - Aldrich
2-Hydroxy,4-n-octoxy - K & K -
2-Hydroxy,1-napthaldehyde - Fluka
Salicylaldéhyde BDH
3-Ethoxysalicylaldéhyde P & B
Acetic Acids:
Chloro - BDH
Dichloro - • P & B
Diethyl - P & B
Diphenyl - P & B




Trichloro - P & B
Trifluoro - Aldrich
Trimethyl - P & B
p-t-Butylbenzoic Acid . Fluka
Cinnamic Acids:
2,3-Dimethoxy - P & B
2,4-Dimethoxy - P & B
3,4,5-Trimethoxy - K & K
Phenylacetic Acids:
3,4-Dimethoxy - Fluka
3,5-Dimethoxy - K & K
2-Methoxy - Fluka
3-Methoxy - K & K




PREPARATION OF COMMERCIALLY UNAVAILABLE LIGANDS
A number of substituted 2-hydroxybenzophenones were prepared by the
method of Hayashi? ^ 1"1
Substituted benzoyl chloride ( 1 mole) and substituted phenol 
( 1 mole) were added directly, with stirring, . to anhydrous aluminium 
chloride (1 mole) in a 2 litre flask heated to 95°C. The temperature 
was then increased to 180-95°C for 35 minutes. The reaction mixture 
was then poured into 1.5 litres of 57« HC1. The resultant crude 
2-hydroxybenzophenone was collected by filtration in yields of up to 
907,. The product was recrystallised from absolute ethanol.
5-Ethyl,2-hydroxybenzophenone:
51 oMelting point from literature : 74 C
found : 72-73 C
4* ,5-Dimethyl,2-hydroxybenzophenone:
52 oMelting point from literature : 90 C
found 88°C
4* ,5-Dichloro,2-hydroxybenzophenone:
Ci oHoClo0o requires C : 58.457o H I j o  L l
found C : 58.527> H





The method of Adkins et al was used in this preparation.
Sodium acetylacetonate (0.1 mole) was added to 50 ml dry acetone 
and the mixture was refluxed until all the salt dissolved. Ethyl iodide 
(0.15 moles) was then added over a period of 30 mintues. The solution 
was heated on a steam-bath until neutral to moist litmus (ca. 2 hours).
1 2 9
The acetone and excess ethyl iodide were distilled off and sufficient 
water was added to dissolve the precipitated sodium iodide. The product 
was then extracted with ether, washed with water and dried with CaCl2. 
The ether was then removed on a rotary evaporator and the 




The following method was used for the preparation of all 
complexes.
Piperidine(37.5 millimoles) was added to a stirred solution of 
the ligand (12.5 millimoles) in 100 ml dry methanol. The resulting 
solution was filtered if necessary and 25 ml of 0.5 M FeCl^ stock 
solution was added with stirring. The reaction flask was stoppered 
and stirring was continued for one hour.
The precipitated complex was then filtered off under dry 
nitrogen. After washing with methanol, the complex was returned to 
the reaction flask with 1 00 ml methanol and the flask was shaken to 
disperse the complex. The mixture was allowed to stand overnight.
The complex was again filtered off under dry nitrogen and 
washed with 3 x 20 ml portions of methanol. Final drying was carried 
out by heating at 80-100°C over ^2^5 vacuo f°r at least six hours.
Note on Preparation
A number of ligands, such as 2-hydroxypropiophenone and many 
substituted salicylaldéhydes, yielded complexes which gave poor analyses, 
despite the high purity of the ligands and repeated preparations in 
which all possible precautions were taken to avoid impurities.
ELEMENTAL ANALYSES (TABLE 2*0
Carbon and hydrogen microanalyses were carried out: by "the 
University of N.S.W. Microanalytical Laboratory/Unisearch Ltd. 
Microanalytical Services and by the Australian Microanalytical 
Service (Melbourne).
. Iron analyses carried out using a Varian AA6 atomic absorption
spectrophotometer. The complexes were first decomposed by- heating with 
a mixture of concentrated nitric, sulphuric and perchloric acids. 
Solutions for analysis were then m d e  up using 0.1 N HC1.
Decomposition Temperatures
Decomposition temperatures of the complexes were determined with 
a Gallenkamp melting point apparatus.
Magnetic Measurements
Magnetic measurements at room temperature were carried out by 
the Gouy method with HgCo(SCN)^ and CuSO^.Si^O as calibrants.
In the range 80-300°K apparatus similar to that described by
. 69Figgis and Nyholm was used.
In the range 4.2-100°K a Josephson junction magnetometer at 
the University of Virginia, Charlottesville, Va. was used.
Calculations of theoretical susceptibilities were carried out on 




Calculated susceptibilities were Fitted to experimental values by 
comparing experimental curves with sets of calculated curves for various 
cluster models and ranges of J values. This comparison indicated the 
appropriate cluster models and provided a ’’rough” estimate of J. The best 
fit was then obtained by calculating curves using progressively smaller 
changes of J until no further improvement of fit was discernible.
For many of the tetramers the low temperature ends of the susceptibility 
curves indicate the presence of paramagnetic impurity. Where the effect of 
the impurity was relatively large it was taken into account in the curve-fitting 
procedure. The impurity was assumed to be a monomer of the same formula weight 
as that of the cluster compound and to obey Curie law.
Thus for tervalent iron •
. V , (Inpurity) = (5.92/2.827)2T-1.
The contribution of (Impurity) to the measured susceptibility was 
estimated from the susceptibility at low temperatures of the experimental 
’ curve. This was then added to the cluster susceptibility curve estimated -from 
the experimental curve above 90°K where the effect of the impurity is less 
important. The proportions of the two susceptibility curves i.e. for the 
impurity and the cluster were then varied until their sum resulted in optimum 
fit to the experimental curve.
In the trimers the cluster ground state has a total spin of % therefore 
the effect of small amounts of impurity e.g. traces of monomer are relatively 
unimportant compared to tetramers or dimers. In these the total spin of the 
ground state is zero and at sufficiently low temperatures the magnetic behaviour 
of the paramagnetic impurity becomes dominant.
1 3 3
The aim of the magnetic measurements was to gain chemically 
significant evidence pointing towards probable structures of the 
compounds rather than great precision and accuracy of the 
measurements of magnetic properties per se which is usually the 
aim of physicists. Because of the essentially qualitative aspect 
of the work and in view of the generally good fit of experimental 
and calculated curves it was felt that estimates of standard 
deviations and a detailed discussion of the effect of curve­
fitting procedures on estimates of errors in parameters would 
not materially contribute. They were thus omitted.
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TABLE 24
Elemental Analyses for Complexes of the General Formula FeLiOCH^)^
Ligand and Empirical Formula of Complex %Fe 7oC %H
Acetylacetone F* 25.5 38.64 6 . 0 1
FeC7H13°4 c** 25.7 38.74 6.04
Benzoylacetone F 14.0 51.28 5.32
FeC12H15°4 C 14.1 51.64 5.42
Dibenzoylme thane F 16.1 59.30 4.94
FeC17H17°4 C 16.4 59.85 5.02
Dipivaloylmethane F 18.3 51.75 8 . 2 2
FeC13H25°4 C 18.5 51.84 8.37
3-Ethylacetylace tone F 22.7 43.73 6.93
FeC9H17°4 C 2 2 . 8 44.11 6.99
Ethy1 benzoylacetate F 18.2 49.94 5.31
FeC13H17°5 C 18.1 . 50.51 5.54
Ethyl Salicylate F 19.8 46.67 4.83
FeCllH15°5 C 19.7 46.67 . 5.34
Hexafluoroacetylace tone F 16.6 24.88 2.50
FeC-jH-jO. F,
7 7 4 6 .%h2o
C 17.2 25.87 2.17
C 16.5 24.84 2.53
Methyl Acetoacetate F 23.6 36.74 5.63
FeC H _o_ C 24.0 36.08 5.627 13 5
Methyl Salicylate F 2 0 . 1 42.54 5.03
FeC,„H,„0r C 20. 8 44.64 4.87
10 1 3 5 .iH20 C 19.8 42.51 5.17
Thenoyltrifluoroacetone F 16.1 36.22 3.05
FeC._H._0 F.S C 16.5 35.42 2.9710 10 4 3
Trifluoroacetylacetone F 20.4 30.83 3.59
FeC H-_0.F_ C 20. 6 31.02 3.72
1 10 4 3
2-Hydroxyace tophenone F 21.5 46.35 5.10
FeC,~H, o0. C 2 2 . 1 47.46 5.18
10 1 3 4 ,%H20 C 21.7 46.63 5.28





F 17.4 56.54 4.65
C 17.7 57.17 4.80
C 17.5 56.37 4.89
C 17.3 56.68 4.90
* F = Found 
** C = Calculated for
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TABLE 24 (Cont)
Ligand and Empirical Formula of Complex 7oFe 7oC 7>H
5-Chloro, 2-hydroxy - F 15.6 51.83 3.85
FeC, t-H, . 0, Cl ' 15 14 4 C 16.0 51.54 4.04
4'-Chloro, 2-hydroxy, 4-methoxy - F 14.4 49.88 4.50









. ̂ MeOH c 14.1 ‘ 50.10 4.59
4 *,5-Dichloro, 2-hydroxy - , F 13.6 44.92 3.41
FeC,rH.„0.Cl015 13 4 2 ^ C 14.5 46.92 3.41.h 2° C 13.9 44.82 3.76
4*,5-Dimethyl, 2-hydroxy - F 15.6 57.78 5.53
C 16.3 59.50 5.58
c 15.9 57.97 5.72
.%MeOH c 15.2 58.06 6.04
5-Ethyl, 2-hydroxy - F 16.1 60.19 5.52
FeC17H19°4 C 16.3 59.50 5.58
2-Hydroxy, 4-methoxy - F 15.9 56.11 5.12
FeC16H17°5 C 16.2 55.68 4.96
2-Hydroxy, 5-methyl - F 16.7 58.51 5.13
FeC16H17°4 C 17.0 58.38 5.21
2-Hydroxy, 4-n-octoxy - F 12.3 60.51 * 6.95
FeC0 _H_, O,- C 1 2 . 6 62.31 7.0523 31 5 ,.%h 2o C 1 2 . 2 60.41 7.17
.MeOH c 1 1 . 8 60.60 7.42
2-Hydroxy, 1-naphthaldehyde F 19.6 53.66 4.35
FeC,0H,„0, C 19.3 54.01 4.5313 13 4
Salicylaldéhyde F 23.2 45.07 4.30
FeC~H,, 0, C 23.4 45.22 4.649 11 4
3-Ethoxysalicylaldehyde F 19.2 46.. 00 5.50
FeC,,H,C0C C 19.7 46.67 5.341 1  15 5 i n. %h 2o C 19.4 45.94 5.43
.^MeOH C 19.2 46.42 5.54
Acetic acids:
Chloro - F 26.1 23.13 3.93
FeC,HQ0.Cl 4 8 4 C 26.4
22.73 3.81
Dichloro - F 2 2 . 8 19.30 3.41













Ligand and Empirical Formula of Complex 7oFe %C 7oH
Diphenyl - F 16.9 58.17 5.14
•FeC16H17°4 C 17.0 58.38 5.21
2-Methoxy - F 27.2 29.20 5.31
FeC5HU °5 C 27.0 29.01 5.36
2-Naphthoxy - F 17.0 51.82 4.65
FeC14H15°5 C 17.5 52.69 4.74
m-Tolyl - F 2 1 . 2 49.71 5.84
FeCllH15°4 C 20.9 49.47 5.66
p-Tolyl - F 2 0 . 6 49.38 5.61
FeCn Hi5°4 C 20.9 49.47 5.66
Trichloro - F 19.8 16.90 2.23
FeC,H,0.C1Q 4 6 4 3 C 19.9 17.14 2.16
Trifluoro - F 23.8 21.24 3.46
FeC.H.O.F. 4 6 4 3 C 24.2 20.80 3.62
Tr ime thy1 - F 25.2 38.04 6.41
FeC-jH, t-0 . 7 15 4 C 25.5 38.38 6.90
p-t-Butylbenzoic Acid F 18.8 52.91 6.47
FeC. H . 0 C 18.9 52.90 6.4913 19 4
Cinnamic Acids:
2,3-Dimethoxy - F 17.4 47.83 5.43
FeC13H17°6 C 17.2 48.03 5.27
2,4-Dimethoxy - F 16.9 48.23 5.22
FeC._H. 0. C 17.2 48.03 5.2713 17 6
3,4,5-Trimethoxy - F 15.8 47.56 5.47










F 17.5 46.20 5.49
C 17.8 46.03 5.47
F 17.6 45.69 5.50
C 17.8 46.03 5.47
F 19.6 46.46 5.42
C 19.7 46.67 5.34
F 19.9 46.69 5.50
C 19.7 46.67 5.34
1 3 7
TABLE 24 (Cont)
Ligand and Empirical Formula of Complex %Fe 7oC 7oH
4-Methoxy - F 19.8 47.03 5.29
FeCn Hi5°5 C 19.7 46.67 5.34
3,4-Methylenedioxy - F 18.5 44.15 4.47
FeCllH13°6 C 18.8 44.47 4.41
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Infra-Red Spectra
Infra-red spectra of the complexes in KBr discs were obtained 
with a Jasco DS403G infra-red spectrophotometer. Spectra in Nujol 
mulls were obtained using a Perkin-Elmer 357 grating infra-red 
spectrophotometer.
Reflectance Spectra
Spectra of the complexes in the range 26,000 to 6,000 cm  ̂
were obtained using a Zeiss PMQ II instrument with an RA-3 reflectance 
attachment.
Solution Spectra
Solution spectra (UV-visible) of the complexes were recorded 
on a Hitachi EPS-3T spectrophotometer.
Molecular Weight Determinations
Molecular weight determinations in benzene and 1,2-dichloropropane 
were carried out using an Hitachi-Perkin Elmer osmometric instrument.
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TABLE 25
Infra-red Spectra (Frequencies in cm“ 1 ) of FeL(OCH ) Complexes 
where the Ligand is:  ̂^
Acetylacetone
1596s, 1528s, 1445(br), 1385s, 1360m(sh), 1272m, 1189, 1056s, 1025m, 
931, 769, 671, 662, 555, 534, 435s, 414(sh), 341
Benzoylacetone
1592s, 1562s, 1520s, 1487s, 1451m, 1380s, 1308, 1292, 1210, 1182,
1160, 1112, 1075(sh), 1055m, 1031, 1005, 945, 853, 767, 718m, 693,
580, 520
DibenzoyIme thane
1588s, 1542s, 1520s, 1475s, 1450m, 1375s, 1315m, 1222, 1180, 1065(sh), 
1052m, 1022, 1000, 941, 788, 759, 721m, 625, 500(br), 440
DipivaloyImethane
1582m, 1558s, 1542s, 1496s, 1285, 1241, 1220, 1170, 1140m, 1045m, 
1020(sh), 958, 8 6 8, 789, 755, 716, 607
3-Ethylacetylacetone
1579s, 1454s, 1535m(sh), 1286m, 1252, 1165, 1150(br), 1085(sh), 1055s, 
991, 943, 898, 757, 716, 705, 670, 611
Ethylbenzoylacetate •
1610s, 1598m(sh), 1572m, 1519s, 1485m, 1355, 1290s, 1195s, 1114, '
1070(sh), 1048m, 1025, 920, 779m, 704, 652, 520, 450
Ethyl Salicylate
1630s, 1595, 1540, 1462m, 1448m, 1398, 1375, 1335m, 1258m, 1238s, 
1157m, 1142, 1095, 1048(m), 1030(sh), 1015(sh), 960, 895, 872, 835, 
762m, 711, 670, 612, 568, 520, 440m .
Hexafluorpacetylacetone
1646s, 1562, 1537, 1463m, 1434, 1358, 1259s, 1220s, 1160m(sh), 1149s, 
1115, 1039m, 811, 753, 673m, 596, 540(br), 450(br)
Methyl Acetoacetate
1617s, 1570, 1520s, 1460, 1435, 1409m, 1363, 1281s, 1193, 1170m,
1065, 1053m, 1011, 975, 921, 790m, 746, 600, 524, 450m
Methyl Salicylate
1638s, 1598, 1545, 1467m, 1452s, 1440m, 1345s, 1261, 1242s, 1198, 
1161m, 1142, 1096, 1053m, 1035(sh), 962, 875, 832, 765m, 712, 671, 615
' 1 y t r i J l ou
TABLE 25 (Cont)
Thenoyltrifluoroacetone
1605s, 1580m, 1543s, 1510, 1450, 1430, 1413s, 1362m, 1355, 1317s,
. 1296, 1253, 1235m, 1197m, 1146s, 1088, 1069, 1045m, 942, 867, 795m, 
760, 725, 695, 656m, 617, 595, 515, 445, 400, 352, 330
1,1,1-Trifluoroacetylacetone
1622s, 1530m, 1460, 1430m, 1365, 1298s, 1226s, 1195s, 1140s, 1045s,
955, 862, 788, 737, 584, 540, 420m, 345_
2-Hydroxyacetophenone .
1610s, 1598m(sh), 1572m, 1519s, 1485m, 1355, 1290s, 1195s, 1114, 
1070(sh), 1048m, 1025, 920, 779m, 704, 652, 520, 450
2-Hydroxybenzophenone
1602s, 1585s, 1570s, 1530s, 1460m, 1445, 1438, 1425m, 1350m, 1424s, 
1185, 1145m, 1120, 1048m, 1032(sh), 940, 848, 768, 710, 650, 610, 510
5-Chloro, 2-hydroxybenzophenone
1605s, 1586m, 1567m, 1518s, 1448m, 1440(sh), 1408, 1357, 1332m, 
1245(sh), 1232s, 1183, 1150m, 1125, 1095, 1048m, 1035(sh), 1003,
956, 896, 838, 809, 778m, 754, 710m, 678, 662, 640, 517(br), 435(br)
4 lChloro, 2-hydroxy, 4-methoxybenzophenone
1606s, 1580s, 1558s, 1514s, 1485, 1461, 1439, 1403, 1376m, 1254s, 
1220m, 1170m, 1121m, 1095, 1053, 1031, 1019, 982, 922, 845m, 772 
648, 618, 590, 500, 450(br), 420(br), 395, 355, 328
41 ,5-Dichloro, 2-hydroxybenzophe‘none
1597s, 1576s, 1551, 1508m, 1402, 1328, 1240(sh), 1225s, 1172, 1141m, 
1118, 1089, 1045s, 1011, 945, 850, 827m, 772, 718, 650
41,5-Dimethyl, 2-hydroxybenzophenone
1610m, 1576s, 1555m, 1518m, 1402, 1330, 1252, 1231s, 1198, 1178,
1134, 1115, 1042s, 1015(sh), 951, 859, 828m, 811, 775, 722, 682
5-Ethyl, 2-hydroxybenzophenone
1608, 1581s, 1560m, 1520, 1410, 1332, 1311, 1261, 1229m, 1176,
1136, 1043d, 947, 852, 835, 808, 752, 700, 656
2-Hydroxy, 4-methoxybenzophenone ^
1610s, 1585s, 1565s, 1512s, 1460, 1445, 1409, 1371m, 1251s, 1219m, 
1168m, 1120m, 1080(sh), 1050m, 1032, 980, 918, 845, 820, 790, 762, 
708m, 611, 520(br), 445(br), 400, 378, 352, 320
TABLE 25 (Cont)
2-Hydroxy, 5-methylbenzophenone
1617m, 1586s, 1566s, 1530s, 1518(sh), 1449m, 1405, 1361m, 1343m,
1292, 1258, 1236s, 1205, 1181, 1141m, 1128, 1078(sh), 1049m, 1030(sh), 
1002, 961, 861, 835, 822m, 761, 709m, 668, 590, 539, 514, 493
2-Hydroxy, 4-n-octoxybenzophenone
1606s,* 1585s, 1566s, 1509s, 1468, 1444, 1408, 1370m, 1249s, 1208m,
1169, 1120m, 1078(sh), 1052m, 1031, 1000, 938, 919, 843, 818, 790,
758, 708m, 643, 520, 440(br) -
2- Hydroxy, 1-naphthaldehyde
1619s, 1604s, 1583s, 1541s, 1509, 1457, 1424m, 1390m, 1370m, 1342, 
1310, 1254, 1217, 1190m, 1166, 1145, 1103, 1052m, 998, 985, 866,
839, 756m, 663, 555, 516, 463
Salicylaldehyde
1620s, 1530s, 1462m, 1444s, 1432m(sh), 1399m, 1331m, 1245, 1207m,
1188, 1147s, 1128, 1053s, 1025, 905m, 855, 789, 764m, 741, 668, 605, 
522, 495, 445
3- Ethoxysalicylaldehyde
1623s, 1545m, 1466, 1440, 1421m, 1404, 1366, 1337m, 1248s, 1217s,
1170, 1120(sh), 1088, 1050s, 1015, 905, 864, 750m, 660, 610, 529,
441m .
Chloroacetic Acid
1670(sh), 1566s, 1421s, 1258m, 1150(br), 1040s, 937, 800, 700, 585, 
512, 455m .
Dichloroacetic Acid
1591s, 1405s, 1226, 1034m, 858, 827, 801 722, 675, 504, 456m, 415
Diethylacetic Acid
1545m(sh), 1523s, 1465m, 1451, 1423s, 1382, 1333(sh), 1321m, 1252, 
1155, 1115, 1055s, 870, 814, 757, 660, 568, 505, 435s
Diphenylacetic Acid
1600, 1538s, 1494, 1452, 1401s, 1250, 1045m, 848, 750, 721(sh), 
705m, 655, 570, 440
2-Methoxyacetic Acid
1543s, 1450m(sh), 1436m, 1413m, 1331m, 1283, 1260, 1202, 1133m, 
1042s, 995, 947, 919, 801, 721, 605, 554, 455s, 422m
TABLE 25 (Cont)
2-Naphthoxyacetic Acid
1631m, 1601m, 1562s, 1511, 1470, 1438, 1422m, 1391, 1360, 1333, 1267 
1255(sh), 1218m, 1182m, 1125, 1070, 1045s, 956, 903, 841, 815,
755, 730, 709, 638, 479, 438m
m-Tolylacetic Acid
1605, 1529s, 1435m(sh), 1398s, 1295, 1238, 1150, 1092,' 1041s, 948, 
770, 723, 695, 662, 531
p-Tolylacetic Acid
1532s, 1517(sh), 1422m(sh), 1403s, 1323, 1289, 1215, 1153, 1045m, 
863, 810, 790, 727m, 700, 650(br), 538, 510
Trichloroacetic Acid
1635m(sh), 1612s, 1450(br), 1385, 1371s, 1039s, 974, 855m, 841, 
757m, 696, 539, 480, 441m
Trifluoroacetic Acid
1675(sh), 1626s, 1471m, 1211s, 1112m, 1033m, 858, 804, 738m, 621, 
531, 484, 456m
Trimethylacetic Acid ”
1580, 1522s, 1484s, 1458, 1425s, 1379, 1363, 1231m, 1050s, 898,
801, 795, 616, 585, 443s
p-t-Butylbenzoic Acid
1598, 1573, 1503s, 1431m(sh), 1401s, 1304, 1262, 1187, 1146, 1100, 
1042s, 1013(sh), 856, 781, 718, 708
2.3- Dimethoxycinnamic Acid
1634, 1576, 1511m, 1478, 1429, 1299s, 1318, 1291, 1269m, 1240, 1219, 
1170, 1090(sh), 1072, 1048m, 1007, 932, 880, 795, 775, 736,- 697, 601 
536, 440
2.4- Dimethoxycinnamic Acid
1624m, 1606m, 1570, 1503s, 1458, 1438, 1420(sh), 1398s, 1320, 1295, 
1268m, 1242, 1211, 1195(sh), 1161, 1139, 1119, 1108,
1042m, 990, 941, 925, 886, 838, 805, 760, 734, 715, 644, 608, 586, 
560, 535(br)
3,4,5-Trimethoxycinnamic Acid
1638, 1583m, 1508s, 1456, 1420s, 1405, 1336s, 1295, 1242, 1225(sh), 
1187, 1156, 1132s, 1109(sh), 1048m, 1009, 982, 929, 883, 835, 796, 
740, 648, 620, 568, 437(br)
TABLE 25 (Coni)
3.4- Dimethoxyphenylacetic Acid
1607, 1590, 1532s, 1516s, 1465, 1430m(sh), 1402s, 1339, 1261m, 1238m, 
1191, 1156m, 1141, 1043s, 1032m, 965, 858, 798, 767, 712, 655,
620, 548, 518
3.5- »Dimethoxyphenylacetic Acid
1595(sh), 1538s, 1504, 1468, 1420m, 1403s, 1298, 1282, 1229s, 1182, 
1160, 1131, 1118, 1050s, 965, 876, 814, 755, 721, 642, 591, 440m
2- Methoxyphenylacetic Acid ,
1604, 1590, 1537s, 1498m, 1466, 1440(sh), 1422s, 1410(sh), 1302,
1280, 1248s, 1183, 1162, 1118, 1050s, 1038(sh), 930, 870, 834, 761, 
699, 740(br), 600, 550
3- Methoxyphenylacetic Acid
1602, 2585, 1535s, 1491, 1455, 1436(sh), 1403s, 1315, 1285, 1245m, 
1191, 1165, 1152, 1045m, 962, 870(br), 775, 726, 697, 658, 642
4- Methoxyphenylacetic Acid
1605, 1579, 1526s, 1508s, 1460(sh), 1421m, 1400s, 1315, 1295, 1242s, 
1173, 1150(sh), 1105, 1035s, 945, 859, 819, 795, 726, 701, 650, 502, 
430m, 410m
3,4-Methylenedioxyphenylacetic Acid
1534s, 1503, 1491m, 1446m, 1409s, 1360, 1293, 1248m, 1190, 1124,
1103, 1044s, 933, 867, 815, 800, 750, 720, 670(br), 614, 535, 435m
APPENDIX
FIGURE 25
Comparison of experimental inverse molar susceptibility 
plots for the carboxylate complexes with the best-fit 
theoretical tetramer curves for the equations listed 
in Table 14.
----- = Theoretical curve
@  = Experimental
All experimental points, except in cases where virtual 
superposition occurs, are shown.
The complexes are named by their' respective ligands ( L ). 
General note : '
As asterisk against the name of the ligand indicates that 
the results in the range 4.2-100°K have been scaled to 
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M a g n e t i c  D a t a  a t  V a r i o u s  T e m p e r a t u r e s  
T o r  t h e  C a r b o x y l a t e  C o m p le x e s ,
T = T e m p e r a t u r e  (°K )
1 /CHI = I n v e r s e  M o la r  S u s c e p t i b i l i t y  
MU = M a g n e t i c  Moment (BM)
D a t a  a t  t e m p e r a t u r e s  a b o v e  80°K f o r  t h e  
A c e t a t e ,  B e n z o a t e ,  C in n am ate  and P h e n y l a c e t a t e  
c o m p l e x e s  w e r e  o b t a i n e d  from t h e  work o f  K o k o t
. - 64-66e t  a l  *
The c o m p l e x e s  a r e  named b y  t h e i r  r e s p e c t i v e  
p r o t o n a t e d  l i g a n d s  ( HL ) .
D a t a  b e l o w  a s t e r i s k s  w er e  o b t a i n e d  w i t h  a  
l i q u i d  n i t r o g e n  c r y o s t a t *
171
CHLOROACETIC ACID
T 1 /  CHI MU T 1 /  CHI MU
4 . 6 3 0 . 5 1 . 1 0 6 2 . 9 5 9 . 1 2 . 9 3
4 . 7 3 0 . 9 1 . 1 1 7 1 . 8 6 0 . 3 3 . 1 0
4 . 8 3 1 . 4 1 . 1 1 8 2 . 0 6 1 . 6 3 . 2 8
5 . 0 3 2 . 0 1 . 1 2 1 0 0 . 7 6 8 . 7 3 . 5 3
5 . 1 3 2 . 6 1 . 1 2 * * *
5 . 3 3 3 . 3 1 . 1 3 7 9 . 5 5 6 . 4 3 . 3 7
5 . 7 3 5 . 0 1 . 1 5 8 5 . 0 5 7 . 1 3 . 4 7
6 . 1 3 6 . 2 1 . 1 7 9 6 . 0 5 8 . 5 3 . 6 3
6 . 7 3 7 . 9 1 . 1 9 1 0 9 . 0 6 0 . 6 3 . 8 1
7 . 2 3 9 . 1 1 . 2 2 1 3 0 . 5 6 4 . 3 *i.o4
8 . 3 4 1 . 8 1 . 2 6 1 6 0 . 0 7 0 . 2 4 . 2 8
9 . 3 4 4 . 2 1 . 3 0 1 9 0 . 0 7 6 . 6 4 . 4 7
1 0 . 7 4 6 . 3 1 . 3 6 2 2 0 . 0 8 3 . 1 4 . 6 2
1 3 . 6 5 0 . 2 1 . 4 8 2 5 0 . 0 8 9 . 9 4 . 7 3
1 5 . 4 5 1 . 4 1 . 5 5 281.0 9 6 . 5 4 . 8 5
1 7 . 1 5 3 . 0 1 . 6 1 3 1 0 . 5 102.8 4 . 9 3
1 8 . 7 5 4 . 0 1 . 6 7
20.6 5 4 . 8 1 . 7 4 .
2 7 . 3 5 6 . 4 1.98
C\•ooCM 5 6 . 7 2 . 0 3
33.1 5 7 . 0 2 . 1 6
3 9 . 2 5 7 . 3 2 . 3 5
* 0 . 3 5 7 . 5 2 . 4 6
1*7.3 5 7 . 7 2 . 5 7



























D l CHLOROACETIC ACID
T 1 / CHI MU
• O
C 54.3 3.27
00 to • o 54.9 3.47















T 1/CHI MU T 1/CHI MU
h . e 58.1 0.80 62.9 53.0 3.09
*+.7 58.4 0.81 71.8 53.2 3.30
4.*8 58.6 0.81 82.0 53.7 3.51
5.0 58.9 O.83 10Q.7 55.7 3.82
5.1 59.3 O.83 •X* * *
5.3 59.8 0.85 78.5 56.4 3.35
5.7 60.6 0.87 85# 0 57.1 3.46
6.1 61.3 0.90 95.0 38.2 3.63
6.7 62. 1 0.93 109.0 60.0 3.83
7.2 62.6 0.96 128.0 62.9 4.05
8.3 . 63.5 1.03 161.0 68.6 4.35
9.3 63.9 1.08 190.0 7*+. 6 4.53
10.7 64.1 1.16 220.0 81.1 4.68
13.6 63.7 1.31 230.0 87.9 4.79
15.*+ 63.2 1.40 280.0 9*+. 3 4.89










DJ PHENYLA C E T I G ACID
T 1 / CHI MU T 1 / c m MU
4.6 44.0 0.92 58.0 51.2 3.02
4.8 44.8 0.93 62.3 51.7 3.12
5.1 45.3 0.95 70.8 52.6 3.3O
5.3 46.0 0.96 80.9 53.7 3.^8
5.7 47.3 0.99 100.1 56.8 3.77
6*1 48.2 1.01 * *
6.7 49.4 1.08 79.0 53.1 3.46
7.2 49.5 1.08 85.0 53.8 3.57
8.4 50.9 1.15 96.0 55.6 3.72
9.9 52.3 1 .20 109.0 57.^ 3.91
11.5 53.4 1.32 130.O 61.0 4.14
14.2 54.3 1.45 161.0 66.9 4.40
1 6.7 54.7 1.57 190.O 73.^ 4.57
18.2 54.8 1.64 220.0 79.9 4.71
21.0 54.7 1.76 252.O 87.2 4.83
29.0 53.5 2.09 280.5 93.9 4.91







T 1/CHI MU T 1/CHI MU
4.6 45.6 0.90 62.9 53.6 3.08
4.7 46.0 0.91 71 .8 54.6 3.26
4.8 46.4 0.91 82.0 55.7 3.44
5.0 46.9 0.93 * * *
5.1 47.4 0.93 80.0 54.4 3.44
5.3 47.9 0.94 86.0 55.1 3.55
5.7 49.2 0.96 96.0 56.6 3.70
6.1 50.3 0.99 109.0 58.5 3.88
6.7 51.1 1.03 130.0 62.0 4.11
7.2 52.0 1.06 160.0 68.1 4.35
8.3 53.4 1.12 191.0 74.6 4.54
9.3 54.6 1.17 220.0 81.0 00̂0•
10.7 55.5 1.23 250.0 87.9 4.79
13.6 56.6 1.39 280.0 95.0 4.87
15.4 56.7 1.48 309.5 102.1 4.94












T 1/CHI MU T 1/CHI MU
4.6 35.2 1.03 62.9 56.0 3.01
4.7 35.5 1.03 71.8 56.9 3.19
4 *.8 35.8 1.04 82.0 58.0 3.38
5.0 36.3 1.03 100.7 6O.6 3.66
5.1 36.8 1.06 *
5.3 37. ̂ 1.07 78.0 61.8 3.19
5.7 38.6 1.09 85.0 62.7 3.31
6.1 39.6 1.11 96.0 63.9 3.48
6.7 40.6 1.15 109.0 63.6 3.66
7.2 41.7 1.18 131.0 69.1 3.91
8.3 43.1 1.23 160.5 74.8 4.16
9.3 44.5 1.30 189.5 81.9 4.32
10.7 45.8 1.37 220.0 88.8 4.47
13.6 48.1 1.51 250.0 95.0 4.61
15.4 49.5 1.38 281.0 101 .8 4.72




28.9 54.0 1\5 « O CO
33.1 54.5 2.21
















4.7 in . k 0.96 0•CM00 55.4 3.46
4.8 in.8 0.96 91.3 56.7 .3.58
5.0 h z . 2 0.98 * * *
5.1 ÌJ2.8 0.98 78*0 51.5 3.Ü9
5.3 0.99 85.0 52.3 3.62
5.7 ijij.6 1.02 96.O 53.9 3.79
6.1 if6.it 1.03 IO9.O 55.9 3.97
6.7 k6 . 6 1.08 133.0 59.9 iJ.23
7.2 Ü7.7 1.10 I6O.O 65.1 iJ.iJ5
8.3 it9.it 1.16 188.5 71.3 ij.62
9.3 50.5 1.22 220.0 78.0 it.77
10.7 51.6 1.29 25O.O
•el­eo iJ.89
15.4 53.ii 1.ÌJ3 281.0 91.2 iJ.98












2.4—Dl'MSniOXYCI NNAMX C ACID
T 1/CHI MU T 1 /CHI MU
4.6 36.0 1.01 62.9 52.5 3.11
4.7 36.3 1.02 71.8 54.3 3.26
4.8 36.7 I.03 82.0 55.3 3.46
5.0 37.2 1.04 91 .-3 56.7 3.61
5.1 37.8 1.04 * * *
5.3 38.3 1.06 78.5 51.0 3.52
5.7 39.7 1.08 85.0 52.1 3.63
6.1 40.6 1.10 96.0 53.8 3.79
6.7 41.9 1.14 IO9.O 55.7 3.97
7.2 43.0 1.16 130.0 59.1 4.21
8.3 CM.-tf 1.23 160.0 65.4 4.44
9.3 46.3 1.27 190.5 71.6 4.63
10.7 47.6 1.35 220.0 78.2 4.76
13.6 49.5 1.49 25O.O 85.1 4.87
15.4 50.3 1.57 281.0 91.9 4.96












T 1/CHï MU T 1 / CHI MU
4*6 36.6 1.01 62.9 53.3 3.08
4.7 36.9 1.01 00• 54.9 3.22
4.8 37.3 1.02 82.0 55.9 . 3.44
5.0 37.9 1.03 91.3 57.3 3.60
5.1 38.4 1.03 * * *
5.3 39.0 1.05 78.0 53.8 3.42
5.7 40.3 1.07 85.0 54.8 3.54
6.1 41.2 1.09 96.0 56.3 3.71
6.7 4 2.6 1.13 109.0 58.2 3.89
7.2 43.9 1.15 130.0 61.5 4.13
8.3 46.1 1.20 159.5 67.7 4.36
9.3 47.7 1.25 190.O 73.9 4.55
10*7 50.7 1.30 220.0 80.5 4.69
13.6 51.0 1.47 25O.O 87.0 4.81
15.4 51.9 1.55 280.0 9^.1 4.90










3 « 4-DXMETOOXYPHENYLACSTIC ACID
T 1 / CHI MU T 1 / CHI MU
4.6 47.7 0.88 62.9 51 .7 3.13
4.7 48.1 0.89 71 .8 52.4 3.32
4.8 -d*•00-ct 0.89 82.0 53.6 3.51
5.0 48.8 0.91 100.7 56.6 3.79
5.1 49,3 0.93 * * *
5.3 49.8 0.93 78.0 52.4 3.46
5.7 50.9 0.95 85.5 53.6 3.59
6.1 51.6 0.98 95.5 54.9 3.75
6.7 52.6 1.01 110.5 57.1 3.95
7.2 53.3 1.04 130.0 60.2 4.17
8.3 54.5 1.11 161.0 66.2 4.43
9.3 55.3 1.16 191.0 72.4 4.61
10.7 56.0 1.24 221.0 78.7 4.76
13.6 56.5 1.39 25I.O 85.5 4.86
15.4 56.4 1.48 278.0 91.9 4.94
17.1 56.3 1.57 3II.O 99.2 5.03
18.7 56.O 1.64
20.6 55.7 1.73








3 « 5—DXMSTHOXYPHENYLACl^TlC ACID
T 1/CHI MU T 1/CHI MU
4.6 b 9 . 6 0.87 62.9 49.9 3.19
4.7 b 9 . 7 0.87 71.8 5O.8 3.38
004
-3- b 9 . 9 0.88 82.0 51.8 3.57
5.0 50.2 0.89 10Q.7 54.7 3.85
5.1 50.6 0.90 * * *
5.3 51.0 0.92 80.5 51.9 3.54
5.7 51.8 0.94 86.0 52.7 3.63
6.1 52.2 0.97 96.0 54.5 3.77
6.7 52.9 1.01 109.0 56.4 3.95
7.2 5 3 . b 1.04 131.O 6 0.2 4.19
8.3 5 b . 2 1.11 160.5 65.9 4.43
9.3 5b . 6 1.17 19O.O 72.3 if.60
10.7 55.0 1.25 221.0 79.0 if.75
13.6 55.0 1.41 25O.O 85.9 00••3-
15.4 5 b .  6 1.51 281.0 93.1 if.93










47.3 b 9 . 6 2.77
52.8 b9 . 5 2.93







b . 7 53. b 0.84
4.8 53.6 0.85
5.0 5**.0 0.86
5.1 5 b . b 0.87
5.3 5 b . 8 0.88
5.7 5 5 . 7 0.92
6.1 56.7 0.93




















































4.7 59.5 0.80 71.8 55.9 3.22
00••3" 59.6 0.81 82.0 56.9 3.41
5.0 60.0 0.82 100.7 59.5 3.70
5.1 60.3 O . 00 to * * *
5.3 60.6 00.0 79.0 54.1 3.43
5.7 61.4 0.87 85.5 5*1.9 3.54
6.1 61.9 0.89 96.0 56.4 3.70
6.7 62.5 0.93 109.0 58.2 3.88
7.2 63.0 0.96 130.0 61.7 4# 12
8.3 63.6 1.03 160.5 67.5 4.38
9.3 64. 0 1 .08 190.0 7*i.*i 4.54
10.7 64.1 1.16 220.0 80.6 4.69
13.6 63.8 1.31 250.0 87.7 4.79
15.4 63.0 1.40 280.5 9*1.9 0000«























4.7 53.3 0.84 71.8 52.1 3.3b
4.8 53.6 0.85 82.0 53.1 3.53
5.0 53.9 0.87 100.7 55.8 3.81
5..1 54.2 0.87 * * *
5.3 54.6 0.88 78.0 52.7 3.46
5.7 55.4 0.91 85.0 53.^ 3.58
6.1 55.9 0.94 96.0 5b. 9 3.75
6.7 56.7 0.98 108.0 56.6 3.92
7.2 57.1 1.01 130.0 60.1 4.18
8.3 57.8 1.08 161.0 65.8 4.44
9.3 58.3 1.13 191.0 72. b 4.61
10.7 58.6 1.21 220.0 78.6 4.75
13.6 58.2 1.37 251.0 85.b 4.87
15.4 57.9 1.46 281.0 92.3 4.95
17.1 57.4 1.55 311.0 99.2 5.03
18.7 57.0 1.63









T CHI 1 /CIII MUo•o00 16792.3 59.6 3.29
87.0 16722.3 59.8 3.42
97.5 16212.3 51.7 3.57
109.5 13666.2 . 63.8 3.72
130.0 14973.2 66.8 3.96
160.3 13676.6 73.1 4.21
200.5 1 2372. 80, 8 4.47
230.O 10841.8 92.2 4.67
300.0 9636.0 103.6 4.83
2 - M U T H O X Y A C B T I C  A C I D
T CHI 1 / C H I M U
78.3 18385.1 54.4 3.41
83.0 1811.7.7 55.2 3.52
96.0 17693.7 56.5 3.70
109.0 17147.4 58.3 00CO•
131.0 16240.1 61.6 4.14
160.0 14938.0 66.9 4.39
190.3 13702.6 73.0 4.59
220.0 12607.6 79.3 4.73
231.0 11674.3 85.7
V£>CO•-3*
280.3 10827.6 92.4 4.95
310.0 10094.5 99.1 5.02
TRIMETIIYLACETIC ACID
T CHI 1 /  CHI MU
7 8 . 5 1 6 2 1 3 . 9 6 1 . 7 3 . 2 0
8 5 . 0 1 6 1 3 4 . 3 6 2 . 0 3 . 2 3
9 6 . 0 •-it*COin 6 3 . 0 3 .5 1
1 0 9 . 5 1 5 4 2 0 . 2 6 4 . 8  - 3.69
1 3 0 . 0 1 4 4 5 7 . 9 6 8 . 7 3 . 9 0
1 6 0 . 0 1 3 7 1 4 . 5 7 2 . 9 4 . 2 1
1 9 0 . 0 1 2 6 5 3 . 2 7 9 . 0 4 . 4 0
2 2 1 . 0 1 1 7 8 4 . 3 00 « VJO 4 . 5 8
2 5 0 . 0 1 0 8 7 2 . 2 9 2 . 0 4 . 6 8
2 8 1 . 0 1 0 2 6 3 . 7 9 7 . 4 4 . 8 2
3 1 0 . 5 9 5 5 0 . 2 1 0 4 . 7 4 . 8 9
P-TOLYLACETIC ACID
T CHI 1 /CHI MU
7 9 . 0 1 8 8 4 6 . 1 5 3 .1 3 . ^ 6
8 5 . 0 1 8 5 4 1 . 9 ‘ 5 3 . 9 3 . 5 6
9 5 . 5 1 8 1 8 5 . 5 5 5 . 0 3.7*1
1 0 8 . 0 1 7 6 4 7 . 6 5 6 . 7 3 . 9 2
1 3 0 . 0 1 6 5 3 2 . 2 6 0 . 5 4 . 1 6
1 5 9 . 5 1 5 1 7 3 . 3 6 5 . 9 4 . 4 2
1 9 0 . 0 1 3 8 2 7 , 7 7 2 . 3 4 . 6 0
2 2 0 . 0 1 2 6 9 « . 3 7 8 . 8 *1.75
2 5 0 . 0 1 1 7 3 8 . 5 8 5 . 2 4 . 8 6
2 8 0 . 0 1 0 8 3 5 . 8 9 2 . 3 4.9*1




7 9 . 5
CHI
1 8 6 1 1 . 1
1 /  CHI 
5 3 . 7
MU
3 . 4 5
8 6 . 0 I 8 3 2 O. 3 5 4 . 6 3 . 5 6
9 6 . 0 1 7 8 4 0 . 6 5 6 . 1 3 . 7 2
1 0 9 . 5 1 7 2 0 0 . 2 5 8 . 1 3 . 9 0
1 3 1 . 0 1 6 2 5 7 . 5 6 1 . 5 4 . 1 4
1 6 0 . 0 1 ^ 8 7 6 . 5 6 7 . 2 4 . 3 8
1 9 0 .O 1 3 6 1 6 . 1 7 3 . 4 4 . 5 7
2 2 0 . 0 1 2 4 7 3 . 7 8 0 . 2 4 . 7 0
2 5 O.O 1 1 4 9 7 . 2 8 7 . 0 4 . 8 1
2 8 1 . 0 1 o 6 4 o . 6 9 4 . 0 4 . 9 1
3 I I . O 9 9 0 9 . 6 1 0 0 . 9 4 . 9 8
2 - N APHTH0 XYACETIC ACID
T
7 8 . 5
CHI
1 9 0 5 9 . 8
1 /  CHI 
5 2 . 5
MU
3 . 4 7
8 5 . 0 1 8 8 4 3 . 9 5 3 . 1 3 . 5 9
9 7 . 0 1 8 1 5 0 . 3 5 5 . 1 3 . 7 7
1 1 0 . 0 1 7 6 0 5 . 7 5 6 . 8 3 . 9 5
1 3 3 . 5 1 6 2 7 ^ . 3 5 9 . 8 4 . 2 4
1 6 0 . 0 1 5 3 9 5 . 2 6 5 . 0 4 . 4 6
1 8 9 . 5 1 4 0 5 8 . 2 7 1 . 1 4 . 6 3
2 2 0 . 3 1 2 9 3 1  ..0 7 7 . 3 4 . 7 9
2 5 O.O 1 1 8 9 6 . 3 8 4 . 1 4 . 9 0
2 8 4 . 0 1 0 9 7 9 . 7 9 1 . 2 5 . 0 1
3 I I . O 1 0 3 1 1 . 6 9 7 . 0 5 . 0 8
TRIFLUOROACETIC ACID
T CHI 1 / CHI MU
80.0 23132.2 43.2 3.86
85.0 22648.5 44.2 3.9*1
96.0 21781.6 45.9 4.11
109.0 20541.3 48.7 4.25
130.0 18630.4 53.7 4.42
160.0 16726.3 59.8 4.64
190.0 15031.1 66.5 4.80
220.0 13696.2 73.0 4.93
250*0 12571.3 79.5 5.03
280.0 11545.6 8 6.6 5.11
310.0 10665.7 93.8 5.16
ACETIC ACID PHENYLACETIC ACID
T 1 /CHI MU T 1 / CHI MU
4.6 38.4 0.98 4.6 50.1 0, 86
4.7 38.7 0.99 ^.7 50.5 0.87
4.8 39.0 0.99 4.8 50.8 0.87
5.0 39.5 1.01 5.0 51.3 0.89
5.1 39.9 1.02 5.1 51.7 •0.89
5.3 4o.4 1.03 5.3 52.2 0.90
5.7 42.4 1.04 5.7 53.3 0.93
6.1 42.4 1.08 6.1 54.1 0.95
6.7 43.3 1.12 6.7 55.0 0.99
7.2 44.1 1.15 7.2 55.7 1.02
8.3 45.4 1.21 8.3 56.8 1.09
9.3 46.4 1.27 . 9.3 57.6 1.14
10.7 47.3 1.35 10.7 58.2 1.22
13.6 48.3 1.51 13.6 58.6 1.37
15.4 48.5 1 .60 15.4 58.4 1.46
17.1 48.5 1.69 17.1 58.3 1.54
18.7 48.5 1 .76 18.7 58.0 1.61
20.6 48.3 1.86 20.6 57.6 1 .70
27.3 47.5 2.15 27.3 56.1 1.98
28.9 47.3 2.22 28.9 55.7 2.05
33.1 47.0 2.38 33.1 5^.7 . 2.21
39.2 46.7 2.60 39.2 5^.0 2.42
43.3 46.6 2.7^ z*3.3 53.6 2.55
47.3 46.7 2.86 ^7.3 53. ̂ 2.67
52.8 46.8 2.9^ 52.8 53.^ 2.83
62.9 47.5 3.27 62.9 53.8 3.07
71.8 48.5 3.^6 71.8 54.6 3.26
82.0 49.6 3.65 82.0 55.7 3.^
100.7 52.5 3.93 100.7 58.6 3.77
CINNAMIC ACID BENZOIC ACID


























62.9 51.0 3.15co.i*- 51.9 3.31
82.0 53.2 3.53
100.7 ' 56.3 3.80
T 1 / CHI MU
4.6 25.9 1.20
4.7 26.4 1.20




























Comparison of experimental inverse molar susceptibility 
plots for the proposed trimeric complexes with the best-fit 
theoretical isosceles triangular trimer curves for the 
equations listed in Table 17.
-----  = Theoretical curve
= Experimental
All experimental points, except in cases where virtual 
superposition occurs, are shown.
The complexes are named by their respective protonated 
ligands ( HL ). -
General note :
An asterisk against the name of the ligand indicates that 
the results in the range 4.2 - 100°K have been scaled to 











































































Magnetic Data at Various Temperatures 
for the Proposed Trimers,
T = Temperature ( K) 
1/CHX = Inverse Molar 
MU = Magnetic Moment
Susceptibility
(BM)
The complexes are named by their respective 
protonated ligands ( HL ).
Data below asterisks were obtained with a 
liquid nitrogen cryostat*
DI B KN Z OYLM STIIANK
T 1 /  c h i MU T 1 /  CHI MU
4 . 6 1 4 . 9 1 . 5 8 6 2 . 9 8 9 . 9 2 . 3 8
b .7 1 5 . 3 1 . 5 7 7 1 . 8 9 3 . 5 2 . 4 9
4 .  a 1 5 . 6 1 . 5 8 8 2 . 0 9 6 . 5 2 . 6 2
5 . 0 1 5 . 9 1 . 5 9 100. -7 1 0 1 . 3 2 . 8 3
5 . 1 1 6 . 4 1 . 5 9 * *
5 . 3 1 6 . 9 1 . 5 9 . 7 9 . 0 8 9 . 1 2 . 6 7
5 . 7 1 8 . 3 1 . 5 9 8 2 . 0 8 9 . 9 2 . 7 1
6 . 1 1 9 . 3 1 . 6 0 8 8 . 0 9 2 . 4 2 . 7 7
6 . 7 2 0 . 9 1 . 6 1 9 8 . 5 9 3 . 8 2 . 9 1
7 . 2 2 2 . 3 1 . 6 1 1 1 9 . 0 9 7 . 1 3 . 1 ^
•co 2 5 . 1 1 . 6 3 1 4 9 . 0 1 0 2 . 4 3 . ^ 3
9 . 3 2 8 . 0 1 . 6 4 1 8 3 . 0 1 0 8 . 7 3 . 6 9
1 0 . 7 3 1 . 2 1 . 6 6 2 1 0 . 0 1 1 3 . 3 3 . 8 7
1 3 . 6 3 7 . 5 1 . 7 1 2 4 0 . 5 1 1 9 . 0 4 . 0 4
1 5 . ^ 4 1 . 9 1 . 7 2 2 7 0 . 0 1 2 4 . 9 4 . 1 8
1 7 . 1 4 4 . 3 1 . 7 6 ' 3 0 0 . 0 1 3 0 . 2 4 . 3 1
1 8 . 7 4 7 . 6 1 . 7 8
20.6 5 0 . 8 1 . 81
2 7 . 3 6 0 . 8 1 . 9 0
ro 00 • VO 6 3 . 6 1 . 9 1
3 3 . 1 6 9 . 1 1 . 9 7
3 9 . 2 7 4 . 8 2.06
4 3 . 3 7 8 . 1 2.11
4 7 . 3 8 1 . 1 2 . 1 7
52.8 8 4 . 3 2 . 2 5
D I P I  VAI >0 YLMBTHAN13
T 1/CHI MU T 1/CHI MU
4 , 6 5 . 0 2 . 7 2 6 2 . 9 5O.O 3 . 1 9
4 . 7 5 . 1 2 . 7 2 7 1 . 8 5 4 . 8 3 . 2 5
4 . 8 ' 5 . 3 2 . 7 2 8 2 . 0 5 9 . 3 3 . 3 4
5 . 0 5 . 5 2 . 7 2 1 0 0 . 7 6 7 . 0 3 . 4 8
5 . 1 5 . 6 2 . 7 2 * * *
5 . 3 5 . 8 2 . 7 2 7 8 . 5 5 8 . 4 3 . 2 9
5 . 7 6 . 3 2 . 7 2 8 5 . 0 6 1 . 0 3 . 3 5
6.1 6 . 7 2 . 7 2 96.0 6 ^ . 9 3 . ^ 5
6 . 7 7 . 1 2 . 7 4 1 0 9 . 0 69.2 3 . 5 6
7 . 2 7 . 7 2 . 7 4 130 . O 7 5 . 7 3 . 7 2
00 . 8.8 2 . 7 6 160.0 8 5 . 3 3 . 8 9
9 . 3 9 . 9 2 . 7 6 1 9 1 . 0 9 4 . 3 4 .  Oh
1 0 . 7 1 1 . 3 2 . 7 7 220.0 1 0 2 . 4 4 . 1 6
1 3 . 6 1 3 . 8 2.82 25O. 5 1 1 0 . 5 4 . 2 7
1 5 . ^ 1 5 . 7 2.81 281.0 118.8 4 . 3 7
1 7 . 1 1 6 . 9 2.86 3 I O . 5 127.6 4 . 4 3
1 8 . 7 1 8 . 4 2.86
2 0 . 6 1 9 . 9 2 . 8 9
2 7 . 3 2 5 . 5 2 . 8 7
2 8 . 9 2 7 . 3 2 . 9 2
3 3 . 1 3 1 . 2 2 . 9 3
3 9 . 2 3 5 . 5 2.98
4 3 . 3 38.2 3.02
4 7 . 3 4 0 . 9 3 . 0 5
5 2 . 8 4 4 . 4 3 . 1 0
2 1 5
ETHYLBENZOYLACETATE
T 1/CHI MU T 1 /chi MU
4 . 6 1 3 . 7 1 . 6 5 6 2 . 9 00 O . -p* 2 . 4 2
4 . 7 1 3 . 9 1 . 6 5 71 .8 9 0 . 7 2 . 5 3
4 . 8 1 4 , 3 1 .6 5 8 2 . 0 9 3 .6 2 . 6 6
5 . 0 1 4 . 7 1 . 6 5 1 0 0 . 7 98.1 2 . 8 8
5 .1 15.1 1 . 6 5 * * ■X"
5 . 3 1 5 . 6 1 .6 5 7 9 . 0 8 7 . 7 2 . 6 9
5 . 7 1 6 . 8 1 . 6 5 8 5 . 0 8 9 . 9 2 . 7 6
6 .1 1 7 . 8 1 . 6 6 9 6 . 0 O.c\ 2 . 8 8
6 . 7 1 9 . 3 1 . 6 8 1 0 8 . 0 9 4 . 7 3 . 0 3
7 . 2 2 0 . 6 1 . 6 8 13 0 .5 9 8 . 3 3 . 2 7
8 . 3 2 3 . 2 1 . 7 0 1 6 0 . 0 10 3 .8 3 . 5 3
9 . 3 2 5 . 9 1 . 7 0 190.O 10 9 .5 3 . 7 4
1 0 . 7 2 8 . 9 1 . 7 3 223.O 11 5 .6 3 . 9 4
1 3 . 6 35 .1 1 . 7 7 250 .O 121.1 4 . 0 8
1 5 . 4 1*0. 1 1 . 7 7 2 8 1 . 0 127.1 4 . 2 2
17 .1 4 1 . 7 1 .8 2 3 1 1 . 0 1 3 3 .6 4 . 3 3
1 8 . 7 4 4 . 9 1 . 8 3
2 0 . 6
O*00 1 .8 6
2 7 . 3 5 8 . 0 1 . 9 5
2 8 . 9 6 0 . 9 1 . 9 6
33 .1 6 6 .1 2 .01
3 9 . 2 7 2 . 2 2 . 0 9
4 3 . 3 7 5 . 2 2 . 1 5
4 7 . 3 7 8 . 5 2 . 2 0
5 2 . 8 8 1 . 7 2 . 2 8
ETHYL SALICYLATE
T 1 /CHI MU T 1 /CHI MU
4.6 1 6,4 1 .50 62.9 90.5 2.37
h . 7 16.8 1.50 71 .8 93.9 2.48' 00 •-d* 17.0 1.51 82.0 97.1 2.61
5.0 17.5 1.52 100.7 100.4 2.84
5.1 18.1 1 .52 * * *
5.3 18.7 1.52 103.0 95.4 2.95
5.7 20.2 1 .52 148.0 103.1 3.4o
6.1 21.4 1 .52 203.0 111.5 3.83
6.7 23.0 1.53 247.5 118.9 4.10
7.2 2*». 5 1.5^ 302.0 130.0 4.33
•co 27.5 1.56
9.3 30.5 1 .57
10.7 34.1 1.59
13.6 40. 6 1.64
15.4 *»5.3 1.66
17.1 1(8.2 1.69











T 1 / CHI MU T 1 / CHI MU
4#6 7.3 2.25 62.9 52.2 3.12
4.7 7.3 2.27 71.8 56.8 3.19
4.8* 7.^ 2.29 82.0 60.7 3.30
5.0 7.4 2.33 100.7 67.3 3.47
5.1 7.6 2.33 * * *
5.3 7.7 2.36 • 80.0 59.2 3.30
5.7 8.0 2.40 84.5 61.5 3.32
6.1 8.2 2.45 95.5 65.3 3.43
6.7 8.7 2.50 109.5 69.4 3.57
7.2 9.2 2.52 132.5 75.3 3.77
8.3 1 0.1 2.57 163.5 83.1 3.98
9.3 11.4 2.57 191.0 88.9 4.16
10.7 12.6 2.62 220.5 94.8 4.33
13.6 15.5 2.66 249.0 100.4 4.47
15.4 17.7 2.66 280.0 105.9 k . 6 2











T 1 / chi MU T 1 /CHI MU
4.6 10.4 1.88 58.0 71.7 2.55
4.8 11.0 1.88 62.3 74.2 2.55
5.1. 11.4 1.90 70.8 77.7 2.67
5# 3 11,8 1.90 80.9- 81.5 2.83
5.7 12.9 1 .90 100.1 87.5 3.04
6.1 13.9 1.90 * * *
6.7 15.0 1.90 78.0 77.8 2.84
7.2 16.0 1.91 85.0 80.3 2.92
8.4 18.3 1.93 95.5 83.4 3.04
9.9 21.2 1.93 1 09.0 86.7 3.18
11.5 24.2 1.96 133.0 91 .0 3.43
14.2 29.0 1.99 161.0 97.3 3.65
16.7 32.4 2.04 189.0 103.0 3.85
18.2 34.8 2.05 219.5 1 09.4 4.02
21.0 38.7 2.09 249.0 115.4 4.16
29.0 49.2 2.18 ' 281.0 122.6 4.30






5—CHLOR O , 2-HYDRO ;OTBÍ!)NZUPHSNON;C
T 1 /  CHI MU T 1 /CÍII MU
4 . 6 1 2 . 2 1 .7*1 6 2 . 9 8 3 . 2 2 . 4 7
*i. 7 1 2 . 4 1 . 7 5 7 1 . 8 8 7 . 9 2 . 5 7
4.8* 1 2 . 6 1 . 7 5 8 2 . 0 9 2 . 6 2 . 6 7
5 * 0 1 3 . 1 1 . 7 6 1 0 0 . 7 9 7 . 2 2 . 8 9
5 . 1 1 3 . 5 1 . 7 6 -X -x- *
5 . 3 1 4 . 0 1 . 7 6 - 7 8 . 0 8 6 . 0 2 . 7 O
5 . 7 1 5 . 1 1 . 7 6 8 0 . 0 8 7 . 4 2 . 7 2
6 . 1 1 6 . 0 1 . 7 6 8 3 . 0 8 9 . 5 2 . 7 7
6 . 7 1 7 . 3 1 . 7 7 9 6 .O 9 1 . 8 2 . 9 0
7 . 2 1 8 . 5 1 . 7 7 1 0 9 . 0 9 4 . 3 3 . 0 5
r\00 2 0 . 9 1 . 7 9 I 3 7 .O 9 9 . 4 3 . 3 3
9 . 3 2 3 . 4 1 . 7 9 1 7 0 . 0 1 0 6 . 6 3 . 5 9
1 0 . 7 2 6 . 4 1 . 8 1 2 0 0 . 0 1 1 2 . 5 3 . 7 9
1 3 . 6 3 2 . 0 1 . 8 3 2 3 O.O 1 1 9 . 2 3.9*i
1 5 . 4 3 6 . 1 1 . 8 6 2 6 O.O 1 2 5 . 3 *1 . 0 9
1 7 . 1 3 8 . 3 1 . 9 0 3 OO.O 1 3 3 . 6 4 . 2 6
1 8 . 7 4 1 . 3 1 . 9 1
2 0 . 6 4 4 . 2 1.9*1
2 7 . 3 5 3 . 7 2 . 0 3
2 8 . 9 5 6 . 4 2 . 0 3
3 3 . 1 6 2 . 2 2 . 0 7
3 9 . 2 6 7 . 5 2 . 1 6
*13.3 71 .'* 2 . 2 1
*17.3 7 4 . 4 2 . 2 6
5 2 . 8 7 8 . 2 2 . 3 3
220
4 * « 5-DICHLORO « 2-IIYDROXYBENZOPHENONE
T 1 /chi MU T 1/CHI MU
4.6 11.3 1.81 62.9 7O .3 2.69
4.7 11.6 1 .81 71.8 73.9 2.80
4.8 11.8 1.81 82.0 76.3 2.94
5.0 12.1 1.82 100.7 80.9 3.17
5.1 12.5 1.82 * * *
5.3 12.9 1.82. 80.5 76.9 2.91
5.7 13.9 1.82 86.0 79.0 2.96
6.1 14.5 1 .84 96.O 81.4 3*08
6.7 15.8 1.85 104.0 î>•C\i00 3.18
7.2 16.9 1 .86 130.0 86.3 3*48
8.3 19.0 1.88 160.5 91.8 3.75
9.3 21.1 1 .88 191*0 96.5 3*99
10.7 23.7 1.91 228.0 102.9 4.23
13.6 28.4 1.97 27O.O 110,2 4.44









47.3 64, 1 2.44
52.8 65.9 2.54
221
4> . 5 -DIMETHYL , 2-RYDïïO XYBENZOPIIENONE
T 1 /  CHI MU T 1 /  CHI MU
4 *6 1 3 . 4 1 * 66 6 2 . 9 7 7 . 8 2 . 5 5
4 . 7 1 3 . 7 1 . 6 6 7 1 . 8 8 0 . 6 2 . 6 8
4 . 8 1 3 . 7 1 . 6 8 8 2 . 0 8 3 . 3 2 . 8 2
5 . 0 1 4 . 2 1 . 6 8 ' 1 0 0 . 7 8 7 . 3 3 . 0 5
5 . 1 1 4 . 8 1 * 68 ■ -X- * -X-
5 . 3 1 5 . 3 1 , 6 8  - 8 0 . 5 7 7 . 9 2 . 8 9
5 . 7 1 6 . 3 1 . 6 8 8 5 . 0 8 1 . 1 2 . 9 1
6 . 1 1 7 . 2 1 . 6 9 9 6 . 0 8 3 . 4 3 . 0 5
6 . 7 18 *6 I . 7 I 1 0 9 . 0 8 5 . 9 3 . 2 0
7 . 2 1 9 . 8 I . 7 I I 3 O.O 8 9 . 6 3 . 4 2
8 . 3 2 2 * 3 1 . 7 3 1 6 0 . 0 9 4 . 9 3 . 6 9
9 . 3 2 4 . 8 1 . 7 4 1 9 0 . 5 1 0 0 . 1 3 . 9 2
1 0 *7 2 7 . 7 1 . 7 7 2 2 0 . 0 1 0 3 . 6 4 . 1  0
1 3 . 6 3 3 . 2 1 . 8 2 2 5 0 . 0 1 1 1 . 4 4 . 2 5
1 5 . 4 3 7 . 0 1 . 8 3 2 8 1 . 0 1 1 7 . 0 ' 4 . 4 0
1 7 . 1 3 9 . 1 1 . 8 8 31 0 . 5 1 22.5 4 . 5 2
18.7 4 1 . 9 I. 9 0
20.6 44*6 1 . 9 3
2 7 . 3 5 3 . 3 2 . 0 3
28.9 5 5 . 9 2.04
3 3 . 1 6 1 .1 2 . 0 9
3 9 . 2 6 5 . 5 2 . 1 9
4 3 . 3 6 8 . 4 2 . 2 6
4 7 . 3 7 0 . 8 2.32
52.8 7 3 . 7 2 . 4 0
5 —E T H Y L , 2 -T î  TO R  OX Y B ^ N  Z O PH ÍP NON S
T 1 /cm MU T 1/CHI MU
4.2 14.9 1.51 78.2 9O.6 2.64
4.7 17.7 1.46 84.6 92.9 2.71
5.3 19.3 1*49 92.0 93.7 2.81
6.0 21.5 1.50 98.2 94.5 2.9O
7.0 24.5 1.52 103.7 96.2 2.98
8.2 27.7 1.55 * * *
9.7 32.O 1.56 78.0 89.8 2.63
11.5 36.2 1.60 83.0 90.8 2.75
U .  4 43.0 1.64 96.O 92.2 2.90
16.6 47.7 1.68 109.0 95.1 3.04
18.2 50.8 1.70 13O.O 98.1 3.27
21.0 55.4 1.75 160.0 102.9 3.54
22.3 57.4 1.77 190.O 107.7 3.77
24.3 60.2 1.80 220.0 112.8 3.96
26.1 62.7 1.83 • 23O.O 118.7 4.1 2
33.7 68.9 1.99 280.0 124.3 4.26


















4.7 12.1 1.77 71 .8 81 .6 2.66
4.8 12.3 1.77 82.0 84.1 2.81
5.0 12.6 1.79 100.7 89.4 3.01
5.1 13.0 1.79 * * *
5.3 13. 1.79 . 79.0 9O.6 2.65
5.7 14.6 1.79 82.0 92.8 2.67
6.1 15.4 1.79 88.0 94.8 2.73
6.7 16.7 1.80 98.5 97.0 2.86
7.2 17.9 1.80 131.0 103.4 3.20
8.3 20.1 1.82 1 6O.O 109.9 3.43
9.3 22.6 1.82 189.5 117.1 3.61
10.7 25.4 1.84 220.0 123.7 3.79
13.6 30.8 1.89 26O.O 133.1 3.97











2-H YDRO XY. 1 —NAPHTHALDCTTTOE
T 1 /chi MU T 1 /CHI MU
4.6 8.6 2.08 62.9 71.0 2.67
4.7 8.8 2.08 71.8 75.4 2.77
4.8* 9.0 2.08 82.0 80.2 2.87
5.0 9.2 2.09 100.7 87.4 3.05
5.1 9.4 2.09 * * *
5.3 9.8 2.09 79.0 78.1 2.86
5.7 10.5 2.09 85.0 80.6 2.92
6.1 11.2 2.10 97.0 84.4 3.04
6.7 12.1 2.12 109.0 88.3 3.15
7.2 13.1 2.12 130.O 94.1 3.33
8.3 14.8 2.13 160.0 101.0 3.57
9.3 16.5 2.13 189.5 108.3 3.76
10.7 18.7 2.15 220.5 115.7 3.92
13.6 22.9 2.19 251.O 1 22.4 4.07
15.4 26.0 2.19 281.0 129.5 4.18
17.1 27.8 2.23 3IO.5 136.4 4.28
18.7 30.2 2.23
20.6 32.6 2.26










1 / CHI 
30.8
MU
1 . 1 0
T
6 2 . 9
1/CHI
1 0 7 . 6
MU
2 . 1 7
4.7 30.6 1 . 1 1 7 1 . 8 1 1 0 . 2 2 . 2 9
4.8 31.1 1 . 1 2 8 2 . 0 1 1 1 . 0 2 . 4 2
5.0 31.4 1.13 1 0 0 . 7 1 1 3 . 1 2 . 6 8
5.1 31.7 1 . 1 ^ # * -X-
5.3 32.1 1.15 8 0 . 5 1 0 9 . 1 2 . 4 4
5.7 32.9 1 . 1 6 8 2 . 5 1 1 0 .  1 2 . 4 6
6 . 1 33.7 1.17 8 8 . 0 1 1 2 . 7 2 . 5 1
6.7 35.0 1.18 9 3 . 0 1 1 2 . 6 2 . 5 8
7.2 37.0 1 . 2 5 1 0 3 . 0 1 1 3 . 7 2 . 7 0
8.3 40.7 1 . 2 8 1 2 2 . 5 1 1  6 . 6 2 . 9 1
9.3 44.9 1 . 2 9 1 4 9 . 0 1 1 9 . 3 3 . 1 7
10.7 49.7 1 . 3 2 1 7 4 . 0 1 2 2 . 7 3 . 3 8
1 3.6 57.8 1 . 3 8 2 0 1 . 0 1 2 7 . 0 3 . 5 7
15.4 63.4 1 . 3 9 2 4 3 . 0 1 3 5 . 7 3 . 8 1
17.1 6 6 . 6 1 . 4 4 2 8 8 , 0 1 4 2 . 8 4 . 0 3
18.7 70.5 1 . 4 6 3 1 3 .O 1 4 9 . 2 4 . 1 1
2 0 . 6 7 4 . 1 1 . 5 0
27.3 85.1 1 . 6 1
28.9 8 7 . 6 1 . 6 3
33.1 91.8 1.71
39.2 97.6 1 . 8 0
43.3 100.3 1 . 8 7
47.3 103.0 1.92
52.8 104.6 2.02
2 —H Y D R O X Y A  C K TO  PTT 'i^N0  N 10
T CUI 1 /chi MU
81.0 10723.9 93.3 2.65
85.0 10495.8 95.3 2.68
96.0 10165.6 98.4 2.81
109.0 9938.4 100.6 2.96
1 3Ö. 0 9621.7 IO3.9 3.18
161.0 9I9I .1 108.8 ~ 3.45
192.0 8805.0 113.6 3.69
220.0 84^6.5 . 118.3 3.87
260.0 8008.8 124.9 4.10
300.0 7583.1 I3I.9 4.28
BENZOYLACETONE
T CHI 1 /chi MU
78.0 10892.5 91 .8 2.62
80.5 10849.2 92.2 2.65
86.0 10596.9 94.4 2.71
96.5 IO292.2 97.2 2.83
109.0 10067.9 99.3 2.97
13^.0 9550.8 104.7 3.21
164.0 8866.4 112.8 3.42
19*1.0 8409.5 118.9 3.63
229.0 7581.6 127.4 3.81
260.0 7*155.0 13*1.1 3.95
300.0 6973.5 143.4 4.11
2-U YDROXY« 4-n-0 CTO XYI3I5N ZO PH.SN ON tC
T CHI 1 /c h i MU
81.0 13797.4 72.5 3.00
88.0 13*165.1 7*1.3 3.09
98^5 12926.6 77.*i 3.20
118.5 12193.7 82.0 3. *ti
1*11.0 11531.2 86.7 3.62
171.0 1072*1.*t . 93.2 3.85
203.0 10077.8 99.2 4.06
228.5 9535.2 10*1.9 *1.19
261.0 8960.4 111.6 *i.3*i
301 .0 8366.5 119.5 *t.51
METHYL SALICYLATE
T CHI 1 / c h i MU
86.0 12114.4 82.5 2.89
95.0 11884.8 8*1.1 3.02
109.0 11*187.6 87.1 3.18
129.0 11100.8 90.1 3.40
156.0 10609.7 9*1.3 3.65
188.5 10103.0 99.0 3.92
219.5 9601.4 10*1.2 4.12
2*19.5 9132.7 109.5 4.29
281 .0 8713.9 11*1.8 4.44
308.0 8351.7 119.7 4.55
h 1 -CHLORO , 2-HYDItoXY Jl-MimiOXYB15NZOPHßNONE
T CHI 1/CHI MU
7 9 . 0 1 2 9 0 8 . 9 7 7 . 5 2 . 8 7
8 4 . 5 1 2 3 9 1 . 8 8 0 . 7 2 . 9 1
9 6 . 0 II972.7 8 3 . 5 3 . 0 4
IO9 .O 1 1 5 5 4 . 9 8 6 . 5 3 . 1 9
I 3 3 .O IO9 I I . I 9 1 . 7 3 . 4 2
ON * O 1 0 1 9 5 . 5 9 8 . 1 3 . 6 4
1 9 2 . 5 9 3 7 5 . 1 1 0 6 . 7 3 . 8 1
2 1 9 . 0 8 8 6 1 . 0 1 1 2 . 9 3 . 9 6
2 4 9 . 5 8 3 4 6 . 8 1 1 9 . 8 4 . 1 0
2 8 2 . 0 7 8 1 8 . 7 1 2 7 . 9 4 . 2 2
3 I I . O 7 4 3 4 . 3 1 3 4 . 5 4 . 3 2
2-HYDROXY , k —METHOXYB'SNZOPHKNONE
T CHI 1 /CHI MU
7 9 . 5 1 0 5 6 0 . 7 9 4 . 7 2 . 6 0
8 5 . 0 1 0 2 1 6 . 0 9 7 . 9 2 . 6 5
9 6 . 0 1 0 0 1 1 . 8 9 9 . 9 2 . 7 8
1 0 9 . 0 9 8 2 2 . 5 1 0 1 . 8 2 . 9 4
1 2 8 . 0 9 5 3 4 . 4 1 0 4 . 9 3 . 1 4
1 6 1 . 0 9 0 9 5 . 6 1 0 9 . 9 3 . 4 4
1 9 2 .O 8 7 1 6 . 1 1 1 4 . 7 3 . 6 7
2 2 0 . 0 8 3 2 8 . 2 1 2 0 . 1 3 . 8 4
2 4 9 . 0 7 9 9 1 . 1 1 2 5 . 1 4 . 0 1
2 8 2 . 0 7 6 3 0 . 5 1 3 1 . 1 4 . 1 7
3 IO . 5 7 3 2 8 . 3 1 3 6 . 5 4 . 2 8
3 — S T H O X Y S A L I C Y L A L D U H Y U Æ
T
8 3 . 5
9 1 . 0
1 0 4 . 0
123.0
1 4 9 .0
1 7 8 . 5
2 0 9 . 0  
2 4 0 . 3  
270.0
CHI
1 0 8 0 8 . 3
1 0 4 4 0 . 1
10123.1
9 8 6 2 . 4
9 4 6 3 . 8
9070. 1 
8671.6 
8 2 9 0 . 0  
7 9 1 0 . 0
7563.1
1 / chi  
92.3
9 5 . 8
9 8 . 9  
1 0 1 . 4  
103.6
1 1 0 . 3
1 1 5 . 3




2 . 7 7
2.91
3 . 1 3
3 . 3 7
3 . 6 1
3 .8 2
4 . 0 1
4 . 1 5
4 . 2 8301.0 132.2
FIGURE 39
Comparison of experimental inverse molar susceptibility 
plots for the proposed chain polymers with the best-fit 
theoretical Fisher chain curves for the equations listed 
in Table 20.
-----  = Theoretical curve.
@  = Experimental.
All experimental points, except in cases where virtual 
superposition occurs, are shown.
The complexes are named by their respective protonated 
ligands ( HL ).
General note:
An asterisk against the name of the ligand indicates that 
the results in the range 4.2 - 100°K have been scaled to 
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M a g n e t i c  D a t a  a t  V a r i o u s  T e m p e r a t u r e s  
f o r  t h e  P r o p o s e d  Chai n P o l y m e r s .
T = T e m p e r a t u r e  ( °K)
1/CHI = I n v e r s e  M o l a r  S u s c e p t i b i l i t y  
MU = M a g n e t i c  Moment (BM)
X -1M*
The c o m p l e x e s  a r e  named b y  t h e i r  r e s p e c t i v e  
p r o t o n a t e d  l i g a n d s  ( HL )•
D a t a  b e l o w  a s t e r i s k s  w e r e  o b t a i n e d  w i t h  a  
l i q u i d  n i t r o g e n  c r y o s t a t .
ACfîTYLACßTON S
T 1 /  CHX MU
4 . 6 4 5 . 4 0 . 9 0
4 . 7 4 6 . 2 0 . 9 1
4 , 8 4 6 . 9 0 . 9 1
5 . 0 4 9 . 0 0 . 9 1
5 . 1 4 9 . 8 0 . 9 1
5 . 3 5 1 . 0 0 . 9 2
5 . 7 5 4 . 4 0 . 9 2
6 , 1 5 6 . 6 0 . 9 3
6 . 7 6 0 . 7 0 . 9 4
7 . 2 6 3 . 5 O. 9 6
8 . 3 6 9 . 5 0 . 9 8
9 . 3 7 5 . 7 1 . 0 0
1 0 . 7 8 2 . 3 1 . 0 2
1 3 . 6 9 3 . 8 1 . 0 8
1 5 . 4 1 0 1 . 0 1 . 1 1
1 7 . 1 1 0 5 . 6 1 . 1 4
1 8 . 7 1 0 9 . 5 1 . 1 7
2 0 . 6 1 1 3 . 7 1 . 2 1
2 7 . 3 1 2 3 . 2 1 . 3 4
2 8 . 9 1 2 5 . 2 1 . 3 6
3 3 . 1 1 2 9 . 3 1 . 4 4
3 9 . 2 1 3 2 . 2 1 . 5 5
4 3 . 3 1 3 4 . 5 1 . 6 1
4 7 . 3 1 3 4 . 5 1 . 6 8
5 2 . 8 1 3 6 . 1 1 . 7 7
T 1 /  CHI MU
6 2 . 9 1 3 6 . 1 1 . 9 3
* 00 1 3 5 . 3 2 . 0 7
0•c\i00 1 3 5 . 3 2 . 2 1
1 0 0 . 7 1 3 3 . 7 2 . 4 6
* * *
8 3 . 0 1 3 3 . 2 2 . 2 4
8 8 . 0 1 3 2 . 9 2 . 3 1
9 5 . 0 1 3 2 . 7 2 . 4 0
1 1 1 . 0 1 3 1 . 7 2 . 6 1
1 3 1 . 0 1 3 1 . 3 2 . 8 4
1 4 8 . 0 1 3 0 . 6 3 . 0 2
1 8 5 . 0 1 3 1 . 4 3 . 3 7
2 2 8 . 0 1 3 2 . 8 3 . 7 2
2 6 8 . 0 1 3 5 . 9 3 . 9 9














4.7 36.1 1.02 78.2 112.3 2.36
5.3 38.5 1.05 84.6 112.3 2.46
6.0 41.7 1.08 92.0* 112.3 2.57
7.0 46.9 1.10 * ¥r *
8.2 52.0 1.13 78.0 113.3 2.36
9.7 58.4 1.16 85.0 114.7 2.44
11.5 64.5 1.20 96.0 112.9 2.62
14.4 73.6 1.26 109.0 113.9 2.78
16.6 79.3 1.30 131.0 114.1 3.04
18.2 82.5 1.33 160.0 115.2 3.35
21.0 88.3 1.38 190.O 117.2 3.61
22.3 90.3 1.41 220.0 121.0 3.83
24.3 93.0 1.45 260.0 127.2 4.06
26 .1 95.1 1.49 301.0 134.2 4.25






T 1 /CHX MU T 1 / CHI MU
4,6 33.1 1.05 62.9 116.4 2.09
4.7 33.8 1,06 00* 116.9 2.23
4.8 35.5 1.04 82.0 116.9 2.38
5.0 36.3 1.05 100.7 116.4 2.64
5.1 37. ** 1.05 * * * '
5.3 38.2 1.06 78.5 111.4 2.38
5.7 ho . 7 1.06 o•00 112.9 2.46
6.1 43.4 1.07 96.0 112.7 2.62
6.7 45.5 1.09 109.0 112.4 « 00 0
7.2 1*7.3 1.11 130.5 113.3 3.05
00 • L5 52.3 1.13 160.5 114.4 3.36
9.3 57.2 1.15 200.0 117.9 3.7P
10.7 63.1 1.17 250.0 124.4 4.02
13.6 72.1* 1.23 300.5 132.3 4.28
15.4 78.8 1.26
17.1 82.2 1.30





39.2 111.0 1.69 •




T CHI 1 / CHI MU
80.5 7937.7 126.0 2.27
85.0 7912.3 126.4 2.33
96.0 7892.it 126.7 2.47
109.0 7886.9 126.8 2.63
130.0 7856.0 127.3 2.87
ON • O 7703.1 129.8 3.16
189.0 7510.4 133.1 3.38
220.0 7296.6 137.0 3.60
25O.O 7069.2 141.5 3.77
286.0 6779.6 147.5 3.95
309.O 6595.8 151.6 4.05
1,1,1 -TRT FLUORO ACSTYLACÎSTON S
T 1 /  CHI MU T 1 /  CHI MU
4 . 6 2 6 .  4 1 . 1 8 62.9 •COOr— 2.16
4 . 7 2 6 . 9 1.19 71.8 IO9.2 2.3O
4 . 8 2 7 . 3 1 .19 . 82.0 110.1 2.^5
5 . 0 2 8 . 2 1.19 100.7 111.4 2.70
5 .1 2 9 .1 1.19 * * *
5 . 3 2 9 . 9 1.20 79.5 103.4 2.49
5 . 7 3 1 . 9 1.20 84.5 105.7 2.54
6 .1 3 3 . 5 1 .21 93.5 106.9 2.66
6 . 7 3 6 . 0 I.23 109.0 107.0 2.87
7 . 2 3 8 . 9 1.22 133.0 108.8 3.14
8 . 3 4 2 . 2 1 . 2 6 153.5 111.3 3.33
9 . 3 4 8 . 6 1.24 184.0 114.3 3.60
1 0 . 7 5 1 . 4 1.24 220.0 118.4 3.87
1 3 . 6 5 9 . 4 1 . 3 6 260.0 124.4 4.10
1 5 . 4 6 3 . 2 1.40 300.0 130.8 4.30
1 7 .1 6 8 . 2 1 .42
1 8 . 7 7 2 . 4 1.44
2 0 . 6 7 5 . 9 1.48
2 7 . 3 8 7 . 0 1.59
2 8 . 9 8 9 . 8 1.61
3 3 . 2 9 5 . 9 1 . 6 7
3 9 . 2 9 9 . 6 1.78
4 3 . 3 102 .1 1.85
4 7 . 3 1 0 3 . 6 1.92
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